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THE ELECTRIC SEWAGE PROCESS. 


Much8 attention is being drawn to a process devised 
by Mr. Webster for purifying sewage by means of 
electric action. This scheme is not, as we have heard 
it asserted, of “an entirely novel character.” As far 
back as 1858 Mr. J. Chisholm obtained a patent for 
treating sewage by means of electricity, and described 
eight methods for effecting his object. Mr. C. F. Kirk- 
man, in 1870 (No. 2,653), claimed an arrangement by 
which a continuous current of electricity is made to 
pass through the sewage. In 1873 Mr. F. H. Atkins 
(No. 556) applies “ galvanic, magnetic or electric action 
oe a tanks, for the purpose of precipitating 
organic or inorganic matters in suspension or solu- 
tion.” Mr. E. H. C. Monckton, in 1874 (No. 265), 
passes sewage through electrified channels, and uses 
windmills as a power to generate electricity for purify- 
ing sewage. Finally, Mr. F. Herbert, in 1883 (No. 
5,850), proposes an electrolytic process for the treat- 
ment of sewage, dispensing with chemicals and filter 
beds, and M. Hermite, the inventor of the electric 
bleaching process, has also quite recently pro- 
posed a method of treating sewage electrolytically. 
But though the general idea of the process is 
thus by no means novel, it is perfectly possible that 
Mr. Webster may have introduced some improvement 
which renders his process both legally valid and prac- 
tically useful. On these points it is our duty to suspend 
judgment until fuller and more precise information is 
laid before the public. The inventor uses no chemicals 
save such as are created in the water by the action of 
the current upon the electrodes and upon the sewage 
itself. The quantity of precipitating matter thus 
created will not, it is said, exceed 1 grain per gallon ! 
This is a very small amount, since, according to the 
scheme which the Metropolitan Board of Works pro- 
pose to apply,3} grains of lime and 1 grain of copperas 
are to be used per gallon, and this is considered by 
practical men a very small dose. One great point in 
Mr. Webster’s favour is that he does not introduce lime, 
and that his effluent water will probably therefore be 
free from the dangerous quality of alkalinity. Thé 
nature of the precipitants generated will of course 
depend on the metals of which the electrodes are com- 
posed. If these consist, as is probable, either of zinc, 
tin, lead, iron, copper or aluminium (?) the pre- 
cipitant must be a salt of one or other of these metals. 
Salts of tin and zinc are, of course, inadmissible in 
sewage treatment on account of their highly poisonous 
nature. Metallic aluminium, is, we fear, as yet too 
costly. The choice then seems to lie between iron and 
copper. Now, it seems to us that a pound of iron in 


the shape of copperas can be bought more cheaply than 
a pound of iron first brought into the metallic state and 
then re-dissolved by the action of the electric current. 
That in Mr. Webster’s process the precipitate will be 
buoyed to the top by the hydrogen gas resulting from 
the decomposition of the water is a matter of course. 

We are by no means surprised that the suspended 
matters are said to be precipitated by the electric 
current just as are carbonaceous and metallic particles 
in air. 

As regards the working cost, experiments made on 
the small scale seldom furnish a correct basis for cal- 
culating the cost when it comes to actual practice. Mr. 
Webster will have the advantage of competing with 
one of the most anti-economical schemes ever projected. 
If his deposit is useful as manure London may at least 
be saved the crowning extravagance and waste of c)n- 
veying manurial matters away and casting them not 
upon the land but into the sea to poison the fishes, 


IN the recently published paper by Sir W. Thomson 
“On the application of the Deci-ampere or the Centi- 
ampere balance to the determination of the electro- 
motive forces of voltaic cells,” (see Electrical Review 
for December 9th 1887) the author states that “ the 
results obtained for four Clark standard cells set up 
by Mr. J. T. Bottomley in March last were almost 
identical with one another, and gave 1:439 Rayleigh, 
or 1:442 legal volts at 11°C. The variation of the 
electromotive force of these cells with temperature has 
not yet been determined ; but assuming the average 
value obtained for this variation by Lord Rayleigh, 
namely, a fall of ‘077 per cent. per degree centigrade rise 
of temperature, and correcting to 15°C, we obtain slightly 
under 1°436 Rayleigh volts at that temperature. This 
result is interesting, as showing a difference of 
less than ,';th per cent. from that obtained by Lord 
Rayleigh for similar cells, which was 1°435 at 15° C.” 
Mr. Desmond Fitzgerald, writing in the Hlectrical 
Engineer, says, it would be satisfactory to note as a fact 
so close an agreement as the above between two high 
authorities : still more satisfactory is it to be able to 
suggest that the agreement is really considerably closer. 
It is with some diffidence, however, that he ventures to 
point out that‘Sir W. Thomson’s corrected value should 
be slightly lower instead of slightly higher than the 
value 1435 volt obtained by Lord Rayleigh. But it 
seems to him clear that the agreement as above has 
been arrived at through an arithmetical, oversight. 
which has, somewhat unaccountably, hitherto escaped 
detection. The result has obviously been obtained by 
multiplying the rate of variation per unit (-00077) into 
the difference of temperatures, and subtracting the pro- 
duct (00808) from 1:439 ; the remainder being 1°43592, 
or “slightly under 1°438.” But to obtain the fall in 1-439 
volt due to a rise of temperature of 4°, it is not merely 
four times the rate per unit, but this value multiplied 
into 1439, which has to be subtracted from 1°439. The 
remainder is then 1:4345 instead of 1°4359, a lower 
instead of a higher value than that (1°435) obtained by 
Lord Rayleigh ; aud the percentage difference is only 
‘035 or less than .',th, instead of “ less than ,';th.” The 
result in any case justifies the conclusion that we may 
safely take 1-435 true volts, or 1°438 legal volts, as the 
normal E.M.F, of Clark’s cell at 15°C., or 59° Fahr. 
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THERE does not appear to be unanimity amongst 
engineers as to the respective efficiencies of compressed 
air and electrical motors. Last week, our readers will 
recollect, we referred to the letter in Engineering of 
Mr. A. L. Steavenson, who spoke of 50 and 60 per cent. 
as the efficiency to be attained with compressed air, 
and 35 or 40 as that which electricity was capable of 
returning. Mr. Sydney F. Walker, and Mr. Radcliffe 
Ward have now taken up the cudgels on behalf of 
electricity. The former, while admitting that the 
losses in electric motors are at present almost an un- 
known quantity, asserts also that very little more is 
known with regard to the efficiency of compressed air. 
Different users have given him figures varying from 
25 to 50 per cent. Mr. Radcliffe Ward attacks the 
statement put forward as representing the opinion of 
Professor Osborne Reynolds, declaring it to be directly 
opposed to facts, and that it is just when considerable 
quantities and distances are involved that electric 
transmission has no competitors. He recommends 
Mr. Steavenson and other mining engineers to adopt 
a practical method of settling the question. Let them, 
he says, select a good job worth looking after, and get 
comparative contracts offered for various methods of 
transmission, and let minimum results be guaranteed. 


THE Executive Committee of the Societé Anonyme 
of the Grand International Competition of Sciences and 
Industry (Exhibition of 1888) intends to reserve an 
important place for the general applications of tele- 


‘phony. It is judged, and rightly, that it would be a 


particularly good opportunity for bringing before the 
public the numerous advantages arising from the 
adoption of rapid communications, by means of the 
transmission of speech to a distance, and showing those 
unacquainted with the progress of telephony the im- 
portance of the recent improvements made in all 
departments of this rising branch of electrical industry. 
A simple and at the same time very efficacious means 
of attaining the object that the Executive Committee 
has in view, will consist in reproducing in the buildings 
of the Exhibition and grounds a complete ensemble 
of the arrangements usually adopted for the telephonic 
service of a locality or metropolitan system. The com- 
mittee therefore appeals to the principal electricians 
making telegraphic and telephonic applications their 
special study, to furnish the necessary apparatus for 
the installation and working of a system of verbal 
communication to be established between the different 
parts of the Exhibition. This system is to fulfil the 
practical conditions required in similar cases, and to 
include the most recent improvements. It will enable 
exhibitors to communicate with each other, and with 
visitors frequenting the theatres, cafés, restaurants, &c., 
erected in the grounds belonging to the Exhibition. 
With this object, telephonic offices will be placed in 
all departments of importance, either in the gardens or 
annexes. These offices, as well as the private apparatus 
of exhibitors, will be connected with a section or 
central station installed in the manner usually adopted 
for a central metropolitan office. Under these con- 
ditions telephonic communications between the different 
parts of the Exhibition and its annexes would be 
ensured in the same way as those of the subscribers of 
any system established in accordance with the latest 
requirements of practice. Nevertheless, in order to 
enhance still more the interest that will be taken by 
the innumerable visitors to the Exhibition in this 
combination, intended to supply them with the means 


of observing, by daily experience, the great utility and 
extreme simplicity of telephonic communications, and 
with the idea of imparting to the project the character 
of an industrial enterprise, it is indispensable that the 
communications required in the interior of the Exhibi- 
tion should, if necessary, be capable of extension to the 
central system of the town of Brussels, and other 
suburban and local services. 


TAUNTON has at least one opponent of the electric 
light, and one, moreover, who, as a town councillor and 
an alderman of the borough, knows, or should know, 
the circumstances of the situation which led to the 
adoption. of the electric light, and the conditions 
under which it is now supplied. With regard to 
cost, Alderman Bruford says: “ At present the rate- 
payers of Taunton are paying an extra sum, more than 
equal to a twopenny rate upon the whole borough, for 
the advantage of the electric light in about one quarter 
of the district, a state of things I consider neither fair 
nor honest.” The alderman’s statements as to the 
excellence and stability of the light having been 
criticised by Mr. G. S. Hooker, the electrician in charge 
of the station, he formulated a reply, which was pub- 
lished in the Western News, wherein he gave vent to 
the insinuation to be found in the following words: 
“Tf the electrician in charge will devote his time and 
ability to the duty of seeing that the public electric 
lamps are as brilliant and steady as they are when 
deputations from other towns visit us, instead of trying 
to prove me a liar, I think he will find it quite as con- 
ducive to the interests of the company for which he is 
acting as to his own comfort and reputation.” So far 
as we have yet ascertained, however, there is no general 
dissatisfaction with the light in Taunton ; indeed, the 
contrary is the case, and most of the townspeople, and 
all the members of the town council, with this.notable 
exception, seem not only pleased with, but proud of 
the light which has conferred such distinction upon 
their town. 


IN our last issue a correspondent states that certain 
experts consider that the navigation in narrow waters 
by means of the electric light requires special apparatus, 
and at the same time expresses a doubt as to the 
necessity of such “special apparatus.” As an instance 
of the application of the electric light for navi- 
gating purposes in what, without exaggeration, may 
be called very dangerous ground, we can cite its 
employment in the approaches to the island of Cay 
West, Florida. The channels leading to the anchorage 
are intricate, winding between reefs and shoals, and 
are marked by buoys and beacons. On the darkest and 
thickest nights the steamers plying between Tampa 
Bay, Cay West, and Habana, run in and out of Cay 
West at nearly full speed, and it is interesting to watch 
the manner in which the marks are picked up by the 
powerful light placed in the bows of these vessels. 
We refer more especially to the Mascotte and 
Olivette fitted up throughout by the Edison Com- 
pany with the electric light. These steamers are 
splendidly equipped, and were especially designed in 
view of the passenger traffic in winter time, when 
great numbers of Americans seek the warmer climate 
of Cay West and Habana. Most of these travellers 
naturally prefer the railway journey to Tampa Bay 
than face the sometimes very stormy passage by sea 
from New York. 
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In speaking last week of an instance in which the 
electric light had been given up because of its unsteadi- 
ness, we asserted that if proper arc lamps had been em- 
ployed, the Brockie-Pell or Pilsen, for instance, there 
would have been no cause forcomplaint. In mention- 
ing these particular lamps we had not the slightest 
desire to be invidious, but merely wished to point out 
that there are steady burning arc lamps to be obtained. 
Of course there are other reliable types, and we should 
not have been in error, and no more invidious, had we 
stated that the Brush, the Thomson-Houston, or the 
Giilcher are lamps would have served the purpose of 
giving a steady, non-flickering lamp, 


LECTURES by a lady to ladies on electricity are 
certainly a novel means of disseminating information 
regarding bells, batteries, and dynamos; but there is 
no reason why a great measure of success should not 
be attained in this direction. With the spread of 
definite knowledge amongst the fair sex of the advan- 
tages and beauties of electrical appliances, electric light, 
and electrical methods of doing household and other 
work, we are sure to find an increased demand upon 
the services of the electrician and electrical engineer 
(either or both, if there be any distinction between 
them). Interest the ladies, therefore, in electrical 
matters, and they will give an adequate return by 
agitating for a more general adoption of electricity for 
light and for work. We are glad to see that so com- 
petent a lady as Mrs. Ayrton is taking the initiative in 
this commendable movement. The wife of an eminent 
professor, herself a graduate of Girton College, Cam- 
bridge, a past student of the City and Guilds of London 
Technical College, Finsbury, and now a student in the 
department of electrical engineering at the Central In- 
stitution, South Kensington, Mrs. Ayrton is peculiarly 
fitted te undertake this practical mission for the 
enlightenment of her sex upon a subject which is to 
most of them a mystery. Mrs. Hancock, 125, Queen’s 
Gate, 8.W., is the hon. secretary of the class, and to her 
application for tickets should be made immediately. 


MR. SELLON’S letters to us are generally remarkable 
for their astuteness, but in the famous communication 
of December 16th, with its memorable beginning, 
“There is a river in Macedon and a river in Mon- 
mouth,” his pen seems to have momentarily lost its 
cunning. He admits that there are two wires, one of high 
and the other of low resistance upon the field magnets 
of both the Varley and the Brush machines, but there, 
he argues, the analogy ceases. Why then, we would 
ask, does the Anglo-American Brush Corporation seek 
to monopolise the construction of dynamos whose 
magnet coils consist of high and low resistance wires ? 
Would it not be more compatible with equity to 
allow manufacturers to wind their machines accord- 
ing to their reading of Varley’s specifications, and let 
them trust to the result so far as self-regulation is con- 
cerned? Mr. Sellon will not allow that the two 
machines have anything in common ; therefore why 
interfere with those who choose to work on the lines 
of Varley’s specification, which is admittedly anterior 
to that of Brush. We will undertake to say that if 
Mr. Sellon constructs an armature having a resistance 
of, say, one-tenth of an ohm, and if he then coils his 
field magnets, say, with No, 5 B.W.G. wire to a similar 


resistance or thereabouts (which is low), arranged in 
series with the armature and external circuit, and then 
on top of this he coils No. ‘057 wire to the extent of 
about 25 ohms (which is high compared with the series 
coils), and couples this last up from brush to brush, he 
will be provided with a good self-regulating machine. 
That is to say, if he drives it at a speed such as to obtain, 
say 65 volts E.M.F., with an infinite external resist- 
ance, he will find that if the external resistance is 
varied from infinity downwards so that the current in 
the armature ranges from 2 to 80 ampéres, the E.M.F. 
between the terminals will remain nearly constant. 
Such a dynamo would be strictly within the terms of 
Varley’s lapsed patent, and we would much like to 
know how the Anglo-American Brush Corporation can 
controvert this fact, which is, at all events, within the 
province of a scientific journal to discuss, notwith- 
standing the Corporation’s preference for the deci- 
sions of a law court. 


FROM the daily papers we gather that the chief of 
the French Copper Ring is at present in London for the 
purpose of obtaining the adhesion of the Rio Tinto, the 
Tharsis, and the Mason and Barry Companies, toa 
combination to last for four years, during which period 
these companies are not to augment their output, the 
gang of speculators engaging to purchase all the com- 
panies’ produce at prices not lower than £60 per ton. 
We understand that the Tharsis Company has already 
refused to enter into any such arrangement. We 
further learn that the syndicate has succeeded in 
raising the price of Chile bars to £4 or £5 per ton 
higher than the price of pure metal, a curious anomaly. 
The result of this “corner” in the copper market has 
been to raise the value of shares in copper mining 
companies far beyond their real value. The present 
price of Rio Tinto, for instance, is a little over 20, 
Surely the real value of this stock cannot be more than 
12 to 13? We notice, however, that a slight unsteadi- 
ness has recently occurred in this description of 
securities, and the unlucky Kaltenbach was probably 
only alittle “previous” in his operations. Naturally 
a powerful ring such as now controls the market can 
effect a good deal, but such influence cannot be of long 
duration, 


IN the issue of Jndustries for January 6, we notice 
an interesting account of the transmission of power 
from Kriezstetten to Solothurn, a distance of 4} 
miles. At the former place, where water of about 40 
horse-power is available, two generators are erected, 
while at Solothurn there are two motors, the connection 
being made on the three wire gystem. The commercial 
efficiency developed at the motors amounted to 68 per 
cent. when the generator and one motor were employed, 
but with the use of the two generators and two motors 
this efficiency rose to 75 per cent. ’ 


WE learn that at Marion, Idaho (U.S.), one of the 
street arches was accidentally blown down, the wires 
dropped, and a couple of horses becoming entangled 
in them were killed by the electric current. Another 
argument in favour of placing electric light conductors 
underground, as it was a mere chance that human life 
was not sacrificed instead of the unfortunate horses. 
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ELECTRIC LIGHT LEADS AT LORD 
ARMSTRONG’S 


By A. A. CAMPBELL-SWINTON. 


AS is well known, Lord Armstrong was among the first 
to adopt the electric light in a private house and to 
employ water power to drive his dynamo. 

One of the chief difficulties with water-power in 
this connection is that in nearly all cases the turbine 
and dynamo are, of necessity, located at a considerable 
distance from the lamps, and consequently the cost of 
the leads becomes an important item. - 

Lord Armstrong originally derived all his power 
from a turbine and dynamo situated about a mile from 
the house, and bare copper conductors fixed to large 
telegraph insulators on high posts were used to convey 
the current, the line of route being chosen so that 
neither wire nor posts formed an eyesore. 

Recently the addition of a picture gallery, and the 
adoption of the electric light in all parts of the house, 
have necessitated the employment of more power, and 
to supply this a new turbine and dynamo have been 
erected some 700 yards from the house, on the other 
side of it from the original machinery. 

An overhead line of wire from this new dynamo 


‘would have had to cross the main approach, and 


altogether could not have failed to be very ugly, 
while an ordinary cable of sufficient sectional area 
to carry the 100-ampére current without an undue 
drop of potential, and insulated and protected suffici- 
ently for burying underground, would have been ex- 
ceedingly costly. To meet these difficulties, Lord 
Armstrong has introduced a somewhat novel arrange- 
ment of conductor, which, while very little more ex- 
pensive than an overhead line, is practically entirely 
out of sight. 


As shown in the sectional illustration, the lead and 
return conductors, which in each case consist of three 
No. 1 B.W.G. bare copper wires, are laid in continuous 
wooden troughs or boxes, being prevented from touch- 
ing the wood by glazed brown earthenware plates, suit- 
ably notched to hold the wires, placed .at intervals of 
about a yard apart. The troughs, which are con- 
structed of well-creosoted wood, have sloping covers 
to throw off the wet, and for the greater part of the 
distance, where they are completely hidden by the 
thick plantations of bushes and young trees through 
which they run, they are supported at an elevation of 
a few inches above the ground on short wooden posts 
connected together by cross-pieces, as shown in the 
illustration. Where the line crosses the carriage drive, 
and in one or two other places, the boxes are buried 
underground, an ordinary tile drain-pipe being placed 
underneath them so as to prevent the accumulation of 
water. Nothing could be simpler than this arrange- 
ment, which has been carried out entirely by the estate 
workmen, and it has now been in successful operation 
for some mouths, the loss of current due to leakage 
being quite inappreciable. 

This short description may perhaps be of service to 
others who are erecting installations similar to Lord 
Armstrong’. 


THE ASSASSINATION OF M. RAYNAUD. 


IT is not often that a man of science becomes the victim 
of a deliberate assassination. We regret that an excep- 
tion to this rule has occurred in the person of the 
eminent French electrician, M. Raynaud, Director 
of the School of Telegraphic Operators, who was 
deliberately shot by a certain Milmaud, and who 
succumbed to his injuries on Tuesday last. Milmaud, 
say the French papers, is not a “ vulgar murderer.” To 
us, however, the difference does not seem at all in his 
favour. He is, it seems,a man with a grievance and 
thinks himself entitled to seek revenge by any and 
every method. 

He was in the employment of the Post Office and 
had invented certain improvements in electric tele- 
graphy in conjunction with his fellow employé, M. 
Baudot. They patented the device—whether jointly 
or separately does not appear. The matter came to 
litigation and Milmaud was unsuccessful. Being enraged 
that M. Cochery, the former Postmaster-General, did 
not support him he fired, in July, 1886, three shots 
with a revolver at the pupils of the Kcole polytechnique 
because the son of Cochery was among them, and 
wounded MM. Guérin and Pigeaud. 

The offence of M. Raynaud was that, as one of'a 
committee appointed to investigate the claims of Mil- 
maud, he had signed a report refusing the demands of 
the latter, namely, 60,000 francs for the payment of 
his debts, 40,000 for his expenses, and the decoration of 
the Legion of Honour. 

The victim of the outrage received two shots, the 
one in his right arm, from which nothing was feared, 
and.the other, which proved fatal, in the loins. Besides 
holding the formal title of engineer (which in France 
cannot be assumed at will) he was Doctor of Physical 
Science, Licentiate in the Mathematical Sciences and 
in Law, a member of the Technical Commission and 
of the Consultative Commission of Posts and Tele- 
graphs. He was an officer of the Legion of Honour, a 
professor at the Polytechnic School, and was a mem- 
ber of the conference on electric units. He was only 
44 years of age, and he leaves a young widow to mourn 
his loss. 


PHENOMENA OF RETARDATION IN THE 
INDUCTION COIL.* 


By WM. STANLEY, Jun. 


THIS paper will attempt to emphasise the time relations 
of the alternating E.M.F’s. and currents in the induc- 
tion coil. Any description of the phenomena of re- 
tardation accompanying the inductive effects of currents 
would necessarily be incomplete and unintelligible 
without a clear conception of the fundamental principles 
of the induction coil. This must be my excuse for 
briefly recalling to you the rudiments of the induction 
system. 

An alternating E.M.F. differs from a direct E.M.F. 
in two important points :—It varies continuously, and 
its direction or polar tendencies alternate. 

To illustrate graphically the various values of an 
alternating E.M.F. and the attending phenomena, it is 
usual to plot a series of curves above and below a 
straight line. This line, when divided in equal divi- 
sions, may be taken to represent successive periods of 
time (see fig. 1). Starting at the point, A, the E.M.F. 
is seen to rise rapidly above the line, A, X, in a gentle 
curve (the particular curvature of which depends on 
the construction of the generator), until at 9 it reaches 
its highest point ; thence it flows downward in asimilar 
but reverse curve, until it again reaches the line, A, X, 
and, continuing downward, finally attains a sub-maxi- 
mum atc. From this point it rises again, crossing the 
line, A, X, once more at D, whence a repetition of the 
former curves occur. 


* Read before the American Institute of Electrical Engineers, 
New York,.December 6th, 1887. 
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The E.M.F. of the alternating current at any par- 
ticular time can be determined by the distance of the 
curved line above or below A, X at that time. For 
instance, suppose we wish to determine the E.M.F. at 
any time,y. Through y draw y z perpendicular to A, X, 
cutting A, 9 at 7. Then 7 y represents the E.M.F. 
applied to the circuit at the time, y. 


From an examination of the curve it will be seen that 
at stated intervals of time, A, 0, D, G, there isno E.M.F. 
applied to the circuit ; and, if the curves above the line, 
A, X, represent E.M.F’s. applied in one direction, those 
below the line, A, X, represent E.M.F’s. in the opposite 
direction. Hence adjacent E.M.F’s. alternate in direc- 
tion, and hence the term alternating currents. 

There is a general misunderstanding to the effect 
that the alternate current dynamo is less economical 
than is the direct current generator. This is not so; 
there is a little difference, it is true, but the differ- 
ence is, I believe, in favour of the alternate current 
machine. Let us take a dynamo field, for example, 
that of a simple direct current type of dynamo, and 
separately excite it with a constant current; let us 
now wind two armatures of identical dimensions, one 
for direct and one for alternate currents, and arrange 
to run them at the same speed ; and let the windings of 
the two armatures be identical in size and number of 
turns of wire. Now the E.M.F. produced in these two 
armatures will be found to be, for the direct current 
armature :— 

Resistance of the armature ... 
Ampéres per section of winding 

And because the armatures are identical we have for 

the alternate current dynamo : 
Resistance of armature ve 
Ampéres per section of winding 

Thus the direct current dynamo will generate A X 
A 
2 
_ A X watts, also. Hence the capacities of the armatures 
are equal. 

The loss of energy in the armatures will be, for the 
direct current dynamo, A? R watts. For the alternate 


9 


x volts. 
R ohms. 
A ampéres. 


2 x volts. 
.. 48 ohms. 
A ampéres, 


watts, and the alternate current dynamo 2X x 


2 

current dynamo (3) x 4 R, equals - = , or A? R 
watts. From this we learn that the losses in the arma- 
tures are equal. It is stated, however, that owing to 
self-induction, Foucault currents, or something else, 
these figures do not represent the actual .waste of energy. 
The waste of energy by self-induction in the direct 
current dynamo occurs when a brush on the commutator 
touches two adjacent strips at the same time, as in fig. 2. 
The arrows indicate the direction of the induced cur- 
rents, and show that at that time all the E.M.F. of the 
short circuited coil is wasting current on a short circuit 
through the brush. What now is the loss in the 
alternate current dynamo through self-induction ? 

In the direct current dynamo the current flowing 
through the armature coils magnetises the armature 


with a polar line at an angle to the polar line of the 
field. These armature poles maintain a constant 
position relative to a fixed point, and are of a con- 
stant value. In the alternate current dynamo, the cur- 
rent in the armature rises above and falls below a zero 
value periodically ; hence the iron in the armature has 
periodic polar tendencies at an angle to the polar line 
of the field. 

I shall endeavour to show that instead of wasting 
energy by periodically polarising the armature, the 
E.M.F. devoted to this purpose is at first temporarily 
stored and subsequently returned. As is well known, 
a certain period of time is required to establish a given 
magnetic charge in iron, which time is directly pro- 
portional to the degree of magnetisation to be attained. 
If, therefore, we plot a curve, the abscissx representing 
time and the ordinates the degree of magnetisation, 
and if we apply this curve to the curve of E.M.F. pro- 
ducing it, we have two similar curves separated from 
one another by a given period of time, as shown in fig. 
3, where 1, 2, 3, 4,5 represents the curve of E.M.F., 
and 6, 7, 8, 9,10 the corresponding curve of magneti- 
tion. 


When the coil on the alternate current armature leaves 
a pole of the field (during rotation) the lines of force 
threading it rapidly diminish, and by induction generate 
an E.M.F. in the coil. The rise of E.M.F. and consequent 
flow of current in the coil is attended by a magnetic 
polar effect in the iron core, which not only increases 
while the E.M.F. is rising from 1 to 2, but continues to 
increase, attaining its maximum value when the E.M.F. 
has fallen to K. Up to this time, namely, the time 
when the magnetic charge is a maximum, energy has 
been expended upon the iron core: but notice, that at 
this time the charge on the iron core is superior to the 
charge producible by the E.M.F. at that instant; con- 
sequently, the charged core does positive work upon 
the E.M.F., if I may use the expression, and in doing 
this decreases its own value. 


Fig. 3. 


This auxiliary E.M.F. developed by the magnetised 
core upon the armature conductor assists the E.M.F. 
proper; that is, the E.M.F, developed by the field 
magnets. Thus the energy devoted to magnetising 
the armature, during the rise of wave of E.M.F., is re- 
turned as E.M.F. during the fall of potential. We may 
assume that the wave is shifted along or retarded. 
Fig. 3 illustrates this retardation. 1, 2, 3, 4, 5, is the 
curve representing the position of a wave of E.M.F., 
without taking into consideration the effect of the iron 
core, while 6, 7, 8, 9,10 is the curve wave of E.M.F. 
which has been retarded, by reason of the magnetic 
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charge on the iron from the theoretical position, 1, 2, 

The curve of E.M.F. of a coreless armature is quite 
different ; here, as before, the theoretical curve is A, B, C, 
D, E, fig. 4. Let us see what the effect of self-induction 
is in this case. 

We know that self-induction is proportional, among 
other things, to the current flowing at a given time. 
Now, at the time, A, no current flows; hence there is 
not self-induction. But as the E.M.F. rises, and cur- 
rent is driven through the coil, the self-induction or 
counter E.M.F. prevents the E.M.F. from attaining its 
theoretical value. It does not delay the E.M.F. from 
its theoretical time position, as is the case with an iron 
core, but prevents the E.M.F. from attaining its theo- 
retical maximum value at any time. The real curve of 
E.M.F. in this case would be A, G, C, H, E, fig. 4. This 
curve shows that there is no waste of energy due to 
counter E.M.F., but that the armature output is reduced 
by self-induction. An iron core, therefore, causes the 
counter E.M.F. to oppose the E.M.F. proper only during 
one-half a period, and allows it also to assist the E.M.F. 
proper during the other half period in the phase. 


Fig. 4. 


It is evident that the time of retardation, viz., the dis- 
stance between 1, 2, 3, 4, 5 and 6, 7, 8, 9, 10, fig. 3, 
depends on the quantity of current flowing through the 
armature coils as well asonthe core. I have described 
this point at length, as there is a general, although 
false, impression that the iron core of an alternating 
armature necessarily wastes energy. 

We may roughly compare the theoretical efficiences 
of the direct and alternating dynamos, as follows : The 
output is equal ; the waste of energy in armatures due 
to ©? R is equal. The waste due to self-inducton is 
greater for direct than aiternating dynamos, with pro- 
perly constructed iron cores. 

Faraday’s law of induction may be stated as follows : 
The variation of the magnetic-field surrounding a 
conductor induces an E.M.F. in that conductor. A 
variable field is produced by a variable current, and 
hence, a conducter carrying an alternating current will 
induce an E.M.F. in another conductor residing in the 
same field. 

Let us note the values of the E.M.F’s. in the 
inducing or primary, and induced or secondary 
circuits, at the same time, and first, when no 
current is flowing. The curve, A, B, ©, D, E, 
fig. 5, represents, as before, the alternating applied 
E.M.F. Now, the induced E.M.F. will be a maximum 
at the time when the inductive effect of the primary 
current is a maximum, and the inductive effect of the 
primary will be greatest when its E.M.F. is changing 
most rapidly. Evidently this will occur near the zero 
line, A, X; for the E.M.F. will vary greatest when 
passing from a finite value to zero, or from zero to any 
finite value. Hence the inductive effect of the primary 
and the E.M.F. developed on the secondary circuit will 
be a maxjmum when the primary E.M.F. is least. 

Fig. 5 represents the time relation of the primary 
and secondary E.M.F’s. when no current is passing. 
The position of maximum E.M.F. of the secondary is, 
as you see, one-fourth of a complete period behind that 
of the primary. Now, a moment’s consideration will 
show that the secondary circuit is simply the receptacle 
of an E.M.F., and, when no current is flowing in it, 
plays no part in the inductive phenomena. 


The primary circuit evidently will induce in itself 
an E.M.F. in the same manner that it impresses the 
E.M.F. on the secondary circuit. Hence, in any circuit 
to which is applied an alternating E.M.F., we have two 
phases of E.M.F. the one the applied, the other the 
self-imposed, the points of equal value in each being 
distant from each other one-fourth of a complete period. 
When practically no current is flowing, this self- 


_impressed E.M.F. is called “ self-induction,” or counter 


E.M.F. When two or more coils are wound together so 


Fig. 5. 


as to act collectively, the effect of the one upon the 
other is termed “ mutual” induction. We nowsee why, 
when an alternating E.M.F., of, say, 1,000 volts, is sud- 
denly applied to a coil whose resistance is as low us, say, 
1 ohm, the coil does not receive the quantity of current 
destined for it by Ohm’s law. The kinetic E.M.F. is 
very small, because it is the difference between the 
applied and counter E.M.F’s. 


Fia. 6. 


Fig. 6 shows a wire wound on itself or coiled. The 
full arrows indicate the direction of the applied E.M.F., 
the dotted arrows the counter E.M.F. In the two 
adjacent turns one impresses a counter E.M.F, on itself 
and also a counter E.M.F.on the other and the latter again 
impresses a counter potential on itself and on the first. 
Hence in two coils of wire we have four impressed 
counter E.M.F’s. This is commonly stated as the self- 
induction, and is proportional to the square of the 
number of turns. 

We will now consider the time position of the cur- 
rents flowing through coils impelled by the E.M.F’s. of 
which we have spoken, and endeavour to apply the 
effects of the various positions they assume to a few of 
the phenomena noticed in working induction coils with 
different current strengths. 

Evidently, when little current is flowing over a con- 
ductor, the self-induction and retardation are small ; 
hence the curve of the current nearly coincides with 
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the curve of E.M.F. Fig. 7 illustrates the positions. 
Here the phase of the primary current nearly coincides 
with the phase of its E.M.F. The curve of the second- 

E.M.F. is, however, just one-fourth of a period later 
than the primary current phase, while the curve of the 
secondary current is still farther behind it; so that, 
while the primary current phase is a distance, X, behind 
the primary E.M.F. phase, the secondary current phase 
is 2 X plus one-fourth of a period behind the primary 
E.M.F. phase. This delay reacts on the primary E.M.F. 
The lower curve in fig. 7 is the curve of the counter 


Fig. 7. 


E.M.F. developed by the secondary current upon the 
primary circuit. It will be noticed that it no longer 
exactly opposes the phase of the applied E.M.F., for the 
time line, A, B, passing through the maximum position 
of the primary E.M.F., cuts the counter E.M.F. curve 
at a point before its maximum value is attained. 

Fig. 8 shows an extreme case. Here the curve of 
the primary current is one-eighth of a period behind 


Fie. 8. 


its E.M.F. Consequently, the curve of secondary cur- 
rent is one-half a period behind the primary E.M.F., 
x 2 +4; and the curve of counter E.M.F. 
developed by the secondary current is three-quarters 
of a period behind the primary E.M.F. 


We are now prepared to understand why the counter 
E.M.F. developed in the induction coil varies in its 
counter effect as current is abstracted from the coil. 
The reason is simply that its position of counter effect 
is dependent on the curve of its producing current, and 
as the current occupies a variable position relative to 
the applied E.M.F., the counter E.M.F. successively 
occupies positions of lesser counter effect until even- 
tually it has no counter effect whatever. 

These phenomena are taken advantage of in the 
operation of induction coils. Ifa constant E.M.F. be 
applied to the primary circuit of a converter, successive 
increments of current will be allowed to occupy this 
primary circuit, as successive quantities of current are 
abstracted from the secondary circuit ; because these 
currents push along out of the way the opposing counter 
E.M.F., and consequently the kinetic E.M.F. attains 
correspondingly greater values. 

Thus far we have considered only two factors of 
self-induction and retardation, viz., the number of turns 
of the conductor, and the quantity of current flowing; 
but there is another factor most important, and that is, 
the resistance of the magnetic circuit. 

The magnetic resistance of iron is, as you know, 
similar to the resistance of any other conductor, in that 
it is directly proportional to the length, and inversely 
proportional to the sectional area of the circuit. This, 
however, is only true for limited values. As the mag- 
netic lines traverse a core they encounter a resistance 
proportional to their number at first; but if more lines 
be continuously added, a number is eventually reached 
which the iron utterly refuses to carry. This degree 
of magnetism is termed “ saturation.” 

It can be shown that the position of the curve of 
counter E.M.F. is directly connected with the degree 
of saturation of the core, so that with a given coil the 
position of no counter effect of the counter E.M.F. 
coincides with saturation of the core. The magnetic 
resistance of the core of an induction coil determines, 
then, the limit of retardation or lag of the current 
phase. Hence, if we wish to construct a coil in which 
the counter E.M.F. shall always be inversely propor- 
tional, and the kinetic, applied E.M.F., always directly 
proportional to the current abstracted from it, we make 
the core of the coil with the lowest possible magnetic 
resistance. Such a coil, when supplied with a constant 
difference of potential, will furnish at its secondary 
terminals an approximately constant E.M.F. It is also 
evident that a coil having a limited section of core sup- 
ae with a constant current may deliver a constant 
.M.F. on its secondary terminals, provided the field 
produced by the constant current is sufficient to saturate 
the core. 

I noticed these phenomena several years ago when 
experimenting with a series system for lighting. 
Mr. O. B. Shallenberger has applied this saturation 
effect in a most striking manner. He connects a 
number of incandescent lamps, say four, in series, 
attaching their outer terminals to a source of constant 
alternating E.M.F. Around each lamp is shunted a 
self-induction coil, so proportional that an E.M.F. of 
say 100 volts will saturate the core of the coil. If, 
now, a lamp be turned off, its current is diverted 
through the shunted coil, which offers a counter E.M.F. 
of 100 volts. We would naturally expect that the light 
in the remaining lamps would grow dim, but this is 
not the case. If we measure the difference of potential 
on the extreme terminals of the lamps we find it to be 
200 volts ; on the three burning lamps it is 50 volts 
each, while on the shunted coil it is 100 volts ; so that 
the sum of the potentials of the three lamps and the 
er ba 250 volts, while the applied E.M.F. is but 200 
volts. 

I think the explanation of this is as follows: 
During the first part of the rise of the E.M.F. wave, 
the shunt coil practically offers an infinite counter 
E.M.F. in comparison with which the resistance of the 
lamp may be neglected ; when, however, the applied 
E.M.F. has attained a value of 100 volts, this counter 
E.M.F. is surmounted, because the core of the coil-is 
saturated by the current flowing in the coil. 
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The lamps, therefore, receive the remaining 100 of 
the 200 volts applied, since the coil, being saturated, 
offers no additional counter effect. Now, after the 
wave of E.M.F. has declined to a value less than 100 
volts, the stored magnetism in the core of the shunted 
coil begins to lose strength, and in so doing, develops 
an additional E.M.F., which, assisting the generator 
current, furnishes a current during the time the applied 
E.M.F. is of low, or zero, value, and by so doing keeps 
the average E.M.F. on the lamps constant. 

-It is necessary then, in working with alternate 
currents, to take into consideration the time retardation 
or lag of the current behind the E.M.F. We have seen 
that this lag is dependent on the resistance of the core, 
and on its degree of magnetisation. I have found it 
especially necessary to make time corrections in work 
on alternate current motors, and in apparatus depend- 
ing on the attraction or repulsion of magnets energised 
by alternate currents. 

I have stated that there is no loss due to the periodic 
magnetisation of iron cores by an alternating current. 
This is only true of a perfectly subdivided core. A 
solid core allows secondary currents to flow. Hence 
its storage capacity is lowered. In practice, the loss 


due to wasted currents in laminated cores can he kept. 


as low as one per cent. 


DIRECT BREAKING. 

This arrangement, noticeable for its extreme sim- 
plicity, cheapness, easy management and reliability, 
consists in the insertion of a common sounder in the 
line circuit, namely, between the L terminal of the 
transmitter and the line. All out and in-going currents 
must therefere pass through its coils. It is adjusted so 
as not to move under the influence of the out-going 
currents alone—that is, the antagonistic power of the 
adjustable spring must balance the magnetic attraction 
of these currents on the armature. ‘The force of this 
attraction is, of course, regulated by the strength of the 
line battery and the resistance of the entire circuits. 

From this it is evident that any appreciable diminu- 
tion in the resistance of the circuit (or what practi- 
cally is the same, any material increase of battery), 
will disturb this balance and cause the armature to be 
moved with a force equal to the difference between the 
opposing powers. Practically, the maintenance of an 
exact balance is, of course, not necessary. All that is 
wanted is that the sounder shall move the least possible 
under the influence of the out-going currents alone— 
so that the difference may be sharply and distinctly 
marked—keeping in mind that the antagonistic spring 
must not be set so stiffly as to hinder the armature in 
working freely under the influence of an increased 


Current from A in transmission through translator to B, 


DovuBLE CURRENT TELEGRAPH WORKING. 


We may summarise the effects of the retardation 
of currents behind the E.M.F’s. in the induction coil as 
follows :— 

Retardation causes the counter E.M.F. developed to 
have counter values inversely as the quantity of current 
flowing in the coil. 

Retardation causes the energy expended in mag- 
netisation during the increase or development of a 
current to be returned as current energy during the 
subsidence of the current. 

To an alternating or similar current, iron offers true 
storage capacity for all values of magnetisation below 
the saturation limit. 


DOUBLE CURRENT TELEGRAPH WORKING. 
By A. R. FLESEN. 


THE chief object of the system to be described is the 
practical arrangement of the apparatus, so as to enable 
the receiving station to stop the sending station on 
double current instruments, as well directly as auto- 
matically through translators, and the arrangement 
which has been carried into practice by me is as 
follows :— 


current or a diminished resistance. Any cause then 
tending t lower the resistance of the line materially, 
like earth or contact, will thus be signalled audibly by 
the sounder, and attract the attention of the clerk. 
But even an increase of resistance—as insulation—will, 
on long circuits, that require time in charging and dis- 
charging, cause the sounder to work impulsively with 
an increased strength. 

Call the stations at the end of a circuit A and B; let us 
suppose station A sending—using copper as working and 
zinc as spacing current. In spite of these currents passing 
his sounder, it will not move, as we have just explained. 
Let B now wish to stop him. It is done at B by switch- 
ing zinc to line for a few seconds. This zine current 
will destroy the zincs and increase the strength of the 
coppers from A, causing A’s sounder to work energeti- 
cally with direct Morse signals from his own transmitter. 
In fact it acts as if the line offered less resistance to 
the copper currents from A,and more to the zines. The 
clerk at A, hearing this, at once stops sending to receive 
communication from B. B might as well break with 
copper, but then A would hear his own signals inversely, 
which would not, perhaps, be a convenient arrange- 
ment. There is no splitting of battery power as in 
duplex or other methods earlier contrived, and the re- 
sistance of the sounder may, if necessary, be made 
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very low, by joining its coils in “ quantity ” instead of 
in “series.” These are conspicuous advantages. 


AUTOMATIC BREAKING THROUGH TRANSLATORS, 


This is only possible on the basis of the just 
described system. The diagram shows the arrange- 
ment as it is used by me in practice. A is sending 
through translator to B. The tongues, X and Z, of the 
automatic switch, M, are by the local battery drawn away 
from the outer screws and are resting against the inner 
ones, thus preventing, as is seen, any current from B 
passing on to the relays, E and F, whence it would be 
translated on to A. The right side tongue Z, of the 
switch M, must touch, if but for an instant, the outer 
screw to allow the relays, E and F,to be connected with 
the line to B. But this evidently does not happen 
during A’s sending. On the contrary, the tongues, X 
and Z, cling tightly to the inner screws all the while— 
until he stops signalling. It is therefore necessary, by 
some means, to break the local battery circuit of the 
switch, M, so that the tongues, X and Z, relieved of the 
magnetic attraction, may give way to the pull of 
their springs, and fall back on the outer screws. 
This breaking I have succeeded in effecting auwtoma- 
tically—dispensing altogether with the interference 
of the translating station. It is done in this way: the 
connections of the local switch battery, which latter is 
common to both switches, are made to pass through the 
tongue and an insulated adjusting screw of a Morse 
relay —connection being dependent on the tongue 
touching this screw. Should this tongue momentarily 
be moved away from the screw (against which it is 
kept by an adjustable spring), then the local circuit 
will be broken, and the tongues, X and Z, of the local 
switch, M, fall back; and this, in spite of the line 
relays, C and D, connected to A line, continuing to 
work. The condition for allowing B’s current to reach 
the line relays, E and F, and work them, is hereby ful- 
filled, inasmuch as the tongue, Z, of the switch, M, 
touches the outer screw connected to these relays. 
Now to make this breaking of the local circuit avto- 
matic, the principle of the “direct breaking” must be 
applied. The line-battery is a split one, with special 
series for zinc and copper. Their opposite poles are 
connected to earth. Introduce the electro-magnets of 
the above-mentioned Morse relay into the circuit of the 
copper series, between its zinc pole and earth—if needed, 
after first reducing its resistance to a minimum by 
joining its coils side by side. Whenever a copper cur- 
rent escapes to line from the one end of this series, an 
equal quantity of zinc, from the opposite end, passes 
through the coils to earth. But the relay is indepen- 
dent of the zinc-series of the battery. The force of 
the adjusting spring must balance the attraction of the 
currents passing through the coils, so as to hold the 
tongue steadily against the screw. But the momenta 
materially increased current traverses its coils (as by its 
junction with an aiding current from B), the balance 
will be disturbed, and the tongue for a moment leave 
the screw. A is sending. B switches zinc to line, 
thereby aiding the coppers from the translating station 
(and also destroying the zincs which, however, is im- 
material in this case), causing the tongue of the Morse 
relay to move. This relieves the tongues, X and Z, of 
the switch, M, an instant—tongue Z touches the outer 
screw—allowing the incoming zinc from line to B, to 
work relays, E and F, which again attracts the tongues 
of the switch, M', and sends a steady zinc current on 
to A, noisily giving alarm there. This steady zinc-cur- 
rent cannot be interrupted, as the Morse relay is no¢ in 
its circuit. The case is evidently the same in the 
direction from A to B also. 

(N.B.—The lines from translating station to A and B 
are here almost equal in length and resistance. The 
local battery being common to both local switches, it is 
clear that the tongue of the Morse relay breaks con- 
tinuity for both at the same time, and, falling back, 
connects again for both at the same moment. This cir- 
cumstance might, it is true, seem a hindrance to the 
zinc from B getting ahead of A’s currents as regards the 
switches—both pressing on from their respective sides ; 


but this is not so. It is not even necessary to use two 
separate local batteries.) 

A good equal adjustment of the springs of both loca 
switch-tongues, and an equal distance between the 
screws of the two local relays, C and E, and their respec- 
tive tongues, will give the ingoing zinc current an easy 
preponderance. Should it fail, however, which is noticed 
by the continued moving of the Morse relay tongue, 
then the adjustment is not as it should be. Practical 
experiments over a space of several months have 
proved the arrangement to work excellently. 


THE UNIFICATION OF NOTATIONS, ABBRE- 
VIATIONS, AND SYMBOLS. 


WITH reference to this subject M. Hospitalier writes 
in L’Electricien as follows :—Last year brings its con- 
tingent, more or less numerous, of expressions and 
new definitions—or old ones revived—without a suffi- 
cient explanation of the expressions and definitions 
already existing. All this, which only makes confusion 
worse confounded, arises to a great extent from the 
fact that different authors, full of their subject, do not 
take the trouble. to exactly define the physical quanti- 
ties which enter into their formule nor do they always 
adopt the same notation which characterises these 
quantities, and consequently they do not facilitate the 
reading of their works nor enable the homogeneity of 
the expressions to be verified. Being convinced some 
time ago of the practical importance of a unification of 
notations, abbreviations, and symbols employed in 
physical science, we had on the spur.of the moment 
hoped to have created under the auspices of the Sociélé 
Internationale des Electriciens, and with the approval 
of the learned societies more or less directly interested 
in the question, a universal system of notations which, 
in our enthusiasm at first, we imagined already 
adopted by all civilised nations. 

A little experience showed us how chimerical our 
hope was, and the solution of the problem appears to 
us to-day to be almost as impossible as the quadrature 
of the circle, the philospher’s stone, or perpetual motion. 

The death of Tresca, then that of Blavier, have, in 
fact, disorganised the Special Commission named at 
our suggestion by the Sociéte Internationale des Elec- 
triciens on their sitting of November 5th, 1584, and 
practically brought to the ground a question which we 
deeply regret having brought forward. 

But if the unification of abbreviated notations and 
symbols do not lend themselves to an international 
solution, not even a French one, it is easy to realise it 
in an independant organ, and it is this reform that we 
propose to put systematically in practice in L’Hlectricien, 
from the commencement of the present year. 

We desire, then, that for the future our readers may 
be able, by the simple inspection of a formula and of 
an abbreviation, know the signification of each letter, 
and for this purpose we have made a selection from 
amongst these symbols, &c., which are most employed, 
and consecrated already in part by the Comite In@gr- 
national des poids et mesures, the Congres Interna- 
tional des Electriciens of 1831, or by frequent employ- 
ment in the best scientific works. 

While preserving current notations, we have sacrificed 
a certain number, each of which were employed to 
represent more than one quantity, and which caused 
confusion. 

We avoid, as far as possible, the designation of two 
different physical quantities by the same letter, except 
in certain exceptional cases where confusion is impos- 
sible (radius, 7, and resistance, 7; angle, a, and specific 
resistance, a, &c.). In order to economise letters which, 
without this precaution, would be insufficient in num- 
ber, we designate by the same letter all the quantities 
of the same physical nature, or which are homogeneons, 
and have units of a common measure. Thus, for 
example, work, electric energy, heat, different forms of 
energy, have for a common symbol, w (work). The 
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moment of a couple, the product of a force and a 
homogeneous length, is work, and is measured in ergs 
or in kilogrammetres, and has also as a symbol the 
little Ww. The same is the case for lengths and the 
coefficients of induction, &c. 

The physical quantities are defined with respect to 
three fundamental quantities—length, mass and time, 
and three corresponding units; centimetre, gramme- 
mass, second, which constitutes the C.G.S. system of 
units. (A long table is then given of the notations, 
abbreviations and symbols to be adopted.) 


AMERICAN NOTES. 
By “ DAS TELEPHON.” 


Tne largest, best equi es and by far the most costly electrical 
switchboard in the world is just being completed in the Metro- 
politan Telephone Company’s building, Nos. 18 and 20, Cortlandt 
Street, in New York. The new switchboard, or boards, 
as it is divided into 44 sections, is located on the top floor 
of the company’s building, and will accommodate 6,000 wires, 
with capacity for increasing to 10,000 when wanted. This 
mammoth board will be nearly 300 feet long, running through 
each wing of the building and across the front. To make 
the connections in the office above over 1,000,000 joints had to 
be soldered in the wires and about 3,000 miles of wire have 
been used. There will be an operator for each 50 subscribers, 
and each operator will be provided with the most advanced im- 
provements in telephone transmitters and head receivers. The 
batteries are all under the floor of the room, where they can be 
readily reached, to ensure proper care, and every other possible 
provision has been made to ensure as nearly model service as can 
be obtained at this time. Some idea of the tremendous size of 
the hoard may be gathered when it is stated that 110 men were 
constantly employed for two months and a large number for 
several months in the construction of it. 

_ The commissioners appointed by the State of New York to pro- 
vide means for placing all telegraph, telephone, and electric light 
wires underground announce that “early in the Spring the electrical 
wires and poles will entirely disappear.” The Western Union 
and the Telephone Company have arranged to put their wires under- 
ground—provided that the services will not be injured. There 
will be a lively time among the wires, when the feeble current of 
the telephone has for its travelling companions the powerful current 
from the dynamo of the Western Union Telegraph and the death- 
giving current of the electric light. The legislature ordered all 
electric wires to be placed underground, and appointed three 
commissioners to devise means and to have the wires put under- 
ground. The commissioners are merchants and politicians, and 
know as much about such matters as the Hindoos. 

A revision of the U.S. patent laws is asked for in certain quarters. 
Several features are named as defects, and their abrogation is to 
be urged in Congress. Conspicuous among them is that by which 
a valuable patent may be bought up and suppressed by a manu- 
facturer or producer for the selfish purpose of protecting his own 
business interests. Of course the people are thereby deprived of 
the benefit of cheap products. That is an abuse which would not 
he possible under proper patent laws. And it is not the only one 
practised under our statutes to the disadvantage of the masses. 
‘This is a matter of public importance and one that calls for legis- 
lation. One alteration proposed is to provide the forfeiture of a 
ptent for failure to work the invention within a reasonable time, 
or to make it reasonably accessible to the inhabitants of the 
country during the term of the patent, as in the new Patent Act 
for Great Britain. 

_ Mr. George has introduced into the Senate a bill to protect 
innocent purchasers of patented articles. “ As far as I can learn,” 
he says, “ there have been much wrong and injustice done under 
the patent laws by suits against men who go into open market, 
into the stores and warehouses of the country, and buy in good 
faith articles which they suppose the seller has a right to sell, and 
then are afterwards brought up before a court fifty or one hundred 
or two hundred miles from their homes to account for it.” Another 
bill proposes to provide for the compulsory granting of licenses, as 
in the British Act of 1883. Inventors, however, and the many 
thousands of persons carrying on trades built upon patents, recoil 
from touching the patent system as shaped by the law of 1870, 
lest the “ hayseed ’ sentiment of “ granger ” Senators and Repre- 
sentatives should induce an assault upon the foundations of the 
system itself. In my opinion any attempt to introduce such 
modifications will result probably in the repeal of the Patent 
Laws. There is one defect, not in the law, but in its administra- 
tion, and that is, the power vested in the Commissioners of Patents 
to make rules of practice. There would be no evil consequences 
if the rules, when once promulgated, were to remain in force, so 
that applicants for patents could act in conformity to them. But 
the-practice is for a commissioner to set aside a rule established 
ly any or all of his predecessors, or even by himself. Thus an 
applicant who conforms to all existing rules frequently finds his 


applications rejected, after months of correspondence with the 
ignorant examiner, because the commissioner has just then 
rescinded the former rule and established a contrary rule. This 
works great hardships. I would recommend that the Commis- 
sioners of Patents and several experts in Patent Law be autho- 
rised to codify all the decisions of the commissioners, and then 
prepare a code of decisions therefrom, and let their report be 
submitted to Congress for approval, and let those decisions which 
may be approved be incorporated in the Patent Laws, and let it 
be also that no new rule can have the force of law until sanctioned 
by Congress. In such a report a few amendments to the law might 
with safety be suggested. 

News from Ottawa is to the effect that owing to some misunder- 
standing between the Dominion and Australian governments the 
sailing of the Dominion Government steamer Alert has been in- 
definitely postponed. She was to have left Halifax this month 
for the Pacific to make a survey from British Columbia to Aus- 
tralia for the proposed cable. What the trouble is cannot be 
ascertained. The two governments were to carry on the survey 
jointly, the Dominion Government to furnish the steamer and the 
Australian Government to defray expenses. Every arrangement 
had been made for the Alert’s departure, and the delay has caused 
much disappointment to the projectors. This expedition was to 
form part of the Fleming scheme, by which it was proposed to 
connect British Columbia, Australia, and India by an ocean cable, 
and which had been promised the support of all the governments 
concerned. 

Captain Stephen G. Sluyter died on December 27th. He was 
engaged for several years in preliminary soundings for the 
Atlantic cable, and whilst in command of the steamer Victoria laid 
the main cable in 1858. 

In telephone matters, the only news is that the Drawbaugh 
Syndicate have run up Drawbaugh shares to $70, par being 
$100, thus representing that the delay to render judgment by 
the Supreme Court in the Bell case argues against the Bell 
patent. 

New York, December 31st, 1887. 


ELECTRIC LIGHTING AT BRANTHAM 
WORKS, MANNINGTREE. 


TueEseE extensive works, just built for the British Xylonite Com- 
pany, have been fitted with the electric light by Messrs. Sudworth 
and Falkenstein, under the direction of Mr. Conrad K. Falken- 
stein, an old student of the Finsbury Technical College. About 
250 lights are fitted throughout, electricity being the only illumi- 
nant allowed. 

The generating plant consists of a Tangye’s high-pressure non- 
condensing engine, fitted with a Tangye’s patent “electric” 
governer, driving an “A” type Goolden and Trotter dynamo 
through countershafting ; this machine is wound to give 55 volts 
at 1,035 revolutions. An accumulator having a capacity of over 
150 ampére-hours is provided to guard against a temporary break- 
down. The dynamo room is fitted with switches, main cut-outs, 
measuring instruments, ample space being allotted for everything. 

The streets intersecting the buildings, which are over 36 in 
number, are lighted by about 50 lamps, contained in a special 
storm-proof fitting designed and patented by Messrs. Sudworth 
and Falkenstein, which consists of a circular base of xylonite or 
other suitable material holding the lampholder, over which is 
fitted a glass globe, the whole being hermetically sealed by an 
India-rubber ring. This makes a neat gas and water-tight fitting, 
suitable for submarine or coal-mining work. 

Incandescent lamps only are used and where a strong outside 
light is required lamps are grouped, thus obviating the attention 
necessary for arc lamps in renewal of carbons, &c. 

The wiring is so arranged that each block of buildings con- 
taining about 25 lights is supplied with current through a main 
cut-out and switch in addition to those placed in each building 
and lamp-holder, so that any portion of the system may be 
isolated for testing purposes. The installation has been running 
since the beginning of October, and has been satisfactory in every 


way. 


THE ELECTRIC LIGHT AT LEAMINGTON. 


Accorpine to the Birmingham Daily Gazette a hitch has occurred 
in the lighting of the Parade at Leamington with electricity by 
Messrs. Arthur Chamberlain and George Ho khan. An inter- 
mittent short circuit has occurred, upse.i1 .,; ‘hree-fourths of the 
system. The promoters have been unrewitunugly engaged in try- 
ing to discover the locality of the defect; and they believe that 
they have at length been successful. The subject was discussed 
at some length at the Council meeting on Monday. 

Alderman FLAvet complained of the inefficiency of the lighting 
of the Parade. 
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Dr. THURSFIELD said that the Parade had frequently been in 
darkness through the stoppage of the electric current, and that 
he and others had narrowly escaped accidents while driving about 
the town. 

Alderman GILBERT recommended that the Council should forth- 
with communicate with the Midland Electric Light and Power 
Company respecting the defective lighting, and request them not 
toremove any more gas standards until the electric system proved 
a greater success. 

The BoroueH Surveyor intimated that he had given the com- 
pany notice not to convert any more gas standards to electric 
lighting purposes. 

Alderman WAckKRILL, as chairman of the Lighting Committee, 
read the following letter, which he had that morning received :— 
“Moor Green Hall, Birmingham, January 8th, 1888.—Dear. Mr. 
Wackrill, Leamington Electric Light. Thanks for yours. I was 
at the station till very late last night, and had no time to write 
you. Of course I am very much annoyed at any stoppage, how- 
ever short, in the supply of current, but nothing has occurred 
which shows any serious defect in the plans on which we have 
proceeded, or the plant we have put down, and nothing which need 
make our friends anxious as to our success. Since the beginning 
of November we have had three stoppages—two very short ones 
that affected the whole system, and one last week that lasted the 
whole evening on about one-third of the system. The two first 
were due to the newness of our staff and our machinery. They 
were quite unconnected with electricity. The last is an inter- 
mittent electrical short circuit. We have not located it yet. It 
only occurs perhaps once in the night, and when we test our con- 
ductors in the morning we find everything right. We believe it 
is connected with some of your old lamp posts, where we had to 
leave our work incomplete because you were not ready to dispense 
with the gas. Whatever it is we shall, as soon as we have dis- 
covered the cause, be able to prevent its recurrence ; meanwhile, 
as I said when I addressed the Council, I must ask to have some 
consideration shown to us during the first twelve months. We 
have put down work that will be good for fifty years. The benefit 
of the electric light will remain long after these little troubles of 
an hour have been forgotten, and if some temporary inconvenience 
is caused, I would ask our friends to remember that they have had 
the light for two months at our expense, so that we have set them 
the example of generosity. Whatever fresh precautions experi- 
ence shows to be necessary you may rely upon it I shall take, and 
only wish the Leamington people were as ready to back me up by 
each of them introducing a few lights into their places as I am 
ready to back them up by curing such defects as may make 
themselves apparent in my system. Yours, &c., ARTHUR 
CHAMBERLAIN.” 

Mr. CrowTHeR Davies made some severe strictures on the 
results of the company’s experiments. 

The Mayor strongly deprecated passing an adverse judgment 
on the installation simply because of a short supply of current, 
and urged that it was very unfair to Mr. Chamberlain to pass 
upon him a sweeping condemnation simply because of a trifling 
defect in his plan, and if every little stoppage were thus to be 
visited, the promoters might wish that they had never visited 
Leamington. 

Mr. Brieut vindicated the company, and, after some further 
remarks, the subject dropped. 


ELECTRIC LIGHTING IN THE CITY. 


At the fortnightly meeting of the City Commissioners of Sewers 
on Tuesday the Streets Committee presented the following report 
on the subject of electric lighting: For nearly four years we have 

een in negotiation with the Anglo-American Brush Electric 
Light Corporation, in reference to various proposals for lighting 
a portion of the City by means of electricity, on the principle of 
their being afforded facilities for lighting the private premises on 
their line of route, and we now submit a draft contract for light- 
ing the district commencing from the front of the Royal Exchange, 
and comprising so much of the City as lies between the Poultry, 
Cheapside, St. Paul’s Churchyard, Ludgate Hill, and Fleet Street, 
on the north, and Queen Victoria Street and the Embankment on 
the south. It is proposed to have 169 arc lamps of 2,000 candie 
power, at £26 each per annum, in place of 616 gas lamps, or in 
the narrow parts and courts glow lamps, or arc lamps of less 
capacity and in greater number may be substituted, at an 
additional cost of 50 per cent. and 25 per cent. respectively. The 
contract is for seven years, with power to the Commissioners to 
continue the same for further periods of seven years, so long as 
they do not grant to other companies powers in regard to private 
lighting within the district. 

An epitome of the clauses was added as follows (the Brush Cor- 
poration being referred to as the “‘ Corporation”): 1. Defines the 
district proposed to be lighted, the number of arc lamps, and the 
power of the supply. 2. Provides that the district is to be 
lighted from sunset to sunrise, and at such times as the engineer 
may consider requisite. 3. Provides for the situation of the 
lamps referred to in clause 1, and for furnishing additional light. 
4. Defines the situation of the mains and provides conditions 
under which the company may interfere with the pavements. 
5. Provides for non-interference by the Corporation with telegraph 
and telephone wires. 6. Works either upon, above, or below the 
public way, to be done to suit public convenience, and as engi- 


neer may direct. 7. Provides for alteration of method of lightin, 
at expense of Commissioners, any disputé as to price to be settl 
by arbitration. 8. Defines the time when the public lighting of 
the district is to be in full working order. 9. Period of contract 
for public lighting, seven years, with power to Commissioners to 
determine after notice in writing of insufficiency of lighting, and 
non-remedy by the Corporation for a month. Provides abitration 
in case of dispute as to insufficiency of lighting, and power 
for the Commissioners to determine contract after three 
failures on the part of the Corporation to supply sufficient 
lighting. 10. The cost of the generation, distribution, and con- 
sumption of electricity to be borne by the Corporation—the plant 
to be their property, and connections and fittings to be removed 
at expiration of contract, and pavements restored at their cost. 
11. Present and future gas lamps and lighting system not to be 
interfered with, and if disturbed accidentally, temporary lighting 
to be provided by the Corporation at their expense. 12. The 
contractors of the commissioners to be employed at cost of the 
Corporation, at current schedule prices, to reinstate disturbed 
pavements. The Corporation to be responsible for any accident 
or damage that may arise from carrying out of contract. 13. On 
temporary failure of electric lighting, Commissioners to have 
power to light streets by gas at expense of the Corporation. 14. 
Price for each arc lamp of 2,000 candle-power to be £26 per 
annum, with 25 per cent. additional for arc lamps of less power, 
and 50 per cent. additional for glow lamps, and extra lamps at 
same rate, and increased or temporary lighting to be paid for at 
the rate of one penny per 100 watts. 15. Payment to be made 
every three months on engineer’s certificate. 16. Power to Com- 
missioners to continue contract for further periods of sevea years 
on giving three months’ notice, so long as they do not grant to 
other companies powers similar to those contained in clause 17. 17. 
So far as they are able, the Commissioners grant to the Corpora- 
tion for seven years exclusive right to supply private lighting, to- 
gether with free way-leave for mains, &c., and if the Commissioners 
terminate this contract as to public lighting, the Corporation are 
to be at liberty to continue private supply. 18. The licence 
given for private lighting to be subject to immediate termination 
if it is decided by any court of law that the Commissioners cannot 
legally grant such powers in respect of private lighting, and upon 
termination of this contract as to private lighting, the Corpora- 
tion is to be at liberty to determine contract as to public lighting 
on giving a month’s written notice. 19. In the event of the Cor- 
poration wishing to obtain statutory powers with reference to 
carrying out this contract, the Commissioners will give all neces- 
sary assents and assistance as may be in their power.” 

Mr. J. C. Bext (chairman of the Streets Committee) in moving 
the adoption of the report, said he could not have had a better 
day for illustrating his subject—a black fog, the heat of the gas, 
and an imperfect light. This contract had been before the Com- 
mission four years, and during two years the Streets Committee 
had been trying to arrive at an agreement which would be satis- 
factory and beneficial to the ratepayers. Cannon Street now cost 
£140 a year to light, and to enlarge the burners would cost £257, 
while in.the case of Queen Victoria Street the difference would 
be between £206 and £508. It was quite evident that the owners 
of property en route were very desirous to obtain the electric 
light. They were many years behind any of the principal cities 
of Europe, where whole streets were now lighted by electricity. 
A great deal of the stagnation in the City had been caused by an 
Act of Parliament, and unless they gave a stimulus to some 
company, the whole thing would be set aside for years. It would 
be urged that they were granting a monopoly for seven years, but 
did they expect any company would undertake a work of this 
kind without deriving some advantage? The cost of the lighting 
would be doubled, but they would get 32 times as much light. 
The committee had considered the possibility of lignting only the 
main thoroughfares, but they dare not face the-cost. To show 
the difference in the cost of gas and the electric light, he 
mentioned that gas cost 103. per candle-power, while the electric 
light cost only threepence. The cost of this contract would be 
something like 20 per cent. less than the last one. The Siemens 
system cost £3,700, viz., six times the cost of gas, and about 15} 
times more illuminating power. The Brush Company was the 
only company that carried out its contract. If the Court adopted 
the report, they would place all the ratepayers’ frontages 
and printing offices on the same terms as they received 
in every Continental city. Large property owners had 
written to know when they would obtain the light. They 
were guing to pay £26 per light, and it would cost the Brush 
Company £40, the equivalent being found in the supply of electric 
light to large establishments along the line of route. There 
would also be a greatly decreased liability to fires. They were 
asked to charge the rates with the eighth of a penny in the pound 
extra to give an impetus to the greatest commercial undertaking 
of the age. . 

Mr. Scorr said with regard to monopolies, the railway com- 
panies, the Post Office, the telephone companies, water and gas 
were all monopolies. The atmosphere in almost every workroom 
was unfit for human consumption, and it was time they had the 
electric light, which would be an auxiliary to the police. 

Mr. Heats asked whether the Committee proposed to do away 
with the gas apparatus altogether. 

Mr. J. C. Bet said it was arranged that the present system 
should not be interfered with. Everything had been provided 
tor. 

Mr. Bripeman said not only Continental citics, but some of 
our smaller towns were lighted by electricity. 
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Mr. Panne.u said they all knew the advantages of electric 
lighting ; it was only a question of terms. All the other com- 
panies failed to make it pay because they had not the right of 
private lighting. They all said “Give us the private lighting, 
and we can supply the public light.” In 1885 there was a dis- 
cussion on entering into a contract with the Hammond Company. 
That company deposited £5,000 as an earnest that they would be 
in a position to go on if they got the contract. This would mean 
a very considerable expenditure, and how were the Brush Corpo- 
ration going to recoup themselves if at the end of seven years 
they should be asked to take.it all up again. Perhaps they were 
not prepared to go on with the contract. If they were prepared 
to go on with it, let the Commissioners have a forfeit of some 
kind, say of £1,000. In the last case it was used merely as a 
market operation ; they got the contract, but the work was not 
carried out. How long were they going to et the Brush Com- 
pany power to be the sole possessors of the field? He called 
attention to the following clauses in the agreement: “ (9). Period 
of contract for public lighting, seven years, with power to Com- 
missioners to determine after notice in writing of insufficiency of 
lighting, and non-remedy by the Corporation for a month.” 
“17. And if the Commissioners terminate this contract as to 
public lighting, the Corporation are to be at liberty to continue 
private supply.” It would, therefore, be the policy of the 
Company to make public lighting impossible, so that they might 
be able to discontinue the more costly supply and yet go on with 
the private lighting. He did not object to the monopoly, but 
wanted a pledge. He moved that the report be referred back 
with a view to the insertion of a penal clause. 

Mr. Bowr1ne thought a direct temptation was held out to the 
company to get rid of the public supply. 

Mr. C. T. Harris seconded the amendment. If they esta- 
blished an arc light they would, he said, interfere with the spread 
of the incandescent light People must then have it on the com- 
pany’s terms. In New York the cost of gas was something like 
three times what it was in London, therefore the comparison was 
not a just one. In different parts of England, where the com- 

rison would hold good, the electric light had been a failure. 

hey knew the disastrous experience of the Metropolitan Board 
of Works on the Embankment. As to the electric light being 32 
times stronger than gas, they never could get at the illuminatin 
power of street gas. The arc might be 2,000 candles one second, 
and 20 candles the next; it was always moving. Directly they 
put an opaque globe over it considerably more than 50 per cent. 
of the light was lost. What we wanted was a number of small 
lights of moderate intensity. The arc light was only valuable at 
such open spaces as were found at Eastbourne and Hastings. 
London, as a gas-lighted city, was not one of the best, but one of 
the worst, and would not even compare with some of the 
suburbs. Gas was a regulated monopoly, and must be supplied at 
a certain price. In electric lighting there was no regulation 
whatever. To supply them with an article which would cost the 
company £40 for £26 was, he maintained, an immoral bargain 
which would be made at the expense of private consumers. It 
was a sprat to catch a herring, and the Commission was to trawl 
it before the public. 

Mr. S. Harris thought the district was too limited in extent. 

Mr. Siy suggested that if they waited longer they might get 
a further reduction. The ratepayers were already tvo heavily 
burdened. 

Mr. Deputy Beprorp said they had a chance of improving the 
light at an infinitesimal cost ; at an expense of half a farthing in 
the pound.- They could not have all the streets up at one time. 
They were years behind the West End, yet they were asked to 
continue the gloomy, miserable gas lamps. When he went to the 
Great Western Railway he felt ashamed of the City of London. 

Mr. TRELoar quite agreed that they wanted a little more light, 
but Mr. Pannell had given some very good reasons why the report 
should be referrdd back. 

Mr. J. C. Bruxy said under the agreement a ratepayer assessed 
at £100 would have to pay the crushing sum of Is. Had not 
they a sufficient guarantee in the enormous cost «f arranging for 
the supply ? 

Mr. Panne: But we have not got it. 

Mr. J. C. Bett: There was no question of the bona fides of this 
company. [Mr. PANNELL: “Question.” | What company would 
submit to this penal clause? As to another suggestion, if the 
company cut off the public lighting after having laid down the 
wires they would be sacrificing £4,500 a-year. Was it likely they 
would do that? The arc light was for the streets, but he had no 
doubt the ——- would have incandescent lights for private 
lighting, and if they made an extravagant charge they would 
immediately shut out their customers. The monopoly was only 
given as far as they were able to give it, and forty other com- 
panies might come to the City under an Act of Parliament. The 
engineer and solicitor would not allow a contract of this kind to 
be signed without fixing a time for the work to be done. It would 
be impossible to get the penal clause suggested. 

The amendment was carried by 20 to 8. 


Obituary.—Mr. George Henley, a member of the 
Society of Telegraph Engineers and Electricians and a 
brother of the late W. T. Henley, of North Woolwich, 
died on the 8th inst. at his residence, 47, Drayton 
Park, Highbury. 


NOTES. 


Hastings and the Electric Light.—Ata meeting of the 
Hastings Town Council last week the Town Clerk 
reported that the renewed contract with the Electric 
Light Company for the lighting of the Front from the 
Queen’s Hotel to Warrior Square, from the 26th of 
November last, had been duly completed. 


The Electric Light at Cheltenham.—At the usual 
monthly meeting of the Cheltenham Town Council 
on Monday week a discussion took place as to the 
advisability and practicability of the Council intro- 
ducing the electric light into the town, in imitation of 
Taunton, Leamington, and other places. Eventually 
the consideration of the matter was adjourned until 
the next meeting. 


The Lever Electric Light.—The sugar refinery and 
docks of Messrs. Bostock & Co., Garston, are to be 
lighted by the Lever system. 


Gas and Electric Lighting in Taunton.—The follow- 
ing letter appeared in the Gas World last week from Mr. 
Alfred Edwards, secretary and manager to the Taunton 
Gas Light and Coke Company : “I beg to state that the 
electric light in this town has replaced gas lights to the 
extent of a consumption of about half a million cubic 
feet of gas per annum, costing, at our average price, 
slightly over £80. As nearly as I can estimate the 
Electric Light Company are receiving for the light to 
replace this quantity of gas from £1,100 to £1,200 per 
annum. The light, of course, is greater, excepting 
where the incandescent light is used, when it is not so 
good. Our average yearly increase is about 2,500,000 
cubic feet. It will be seen, therefore, that up to the 
present time the only result has been to retard our 
advance to the extent of something under six months’ 
average increase.” 


The Vienna Central Station.—The Journal of Gas 
Lighting recently alleged that the installation of the 
Imperial Continental Gas Association at Vienna was 
a miserable failure. This statement was met by Sir 
Julian Goldsmid, chairman of the association, with a 
flat contradiction and an assertion that the installation 
was “the most successful of its kind in the world.” 
The Journal of Gas Lighting is now “ uneasily con- 
scious ” that it has “ not hitherto given as much atten- 
tion to the matter as its importance deserved,” and the 
Gas World is jubilant over its rival’s mortifying 
defeat. 


Electric Lighting at Temesvar.—The central station 
installation at Temesvar has, we understand, passed 
into the hands of the Anglo-American Brush Electric 
Light Company. 


Electric Lighting and Sewage Disposal.—A very 
novel installation of the electric light has been recently 
carried out by Messrs. Woodhouse and Rawson at the 
Crossness pumping station, where the huge depositing 
tanks for sewage are lighted up. <A great deal of diffi- 
culty was experienced in carrying out the contract, as 
the men had to work in long waterproof boots in the 
midst of the floating sewage matter; the vapour and 
sewer gas rotted all the bindings on the insulators, 
until at last wire covered with gutta-percha was used. 
The lamps are all enclosed in water-tight lanterns, and 
depend from the springs of the arches. Formerly the 
men working in these tanks had each to carry three or 
four candles about with him, affixed to ths end of a 
stick, and these, in consequence of the bad atmosphere, 
burnt very badly. 


Lighting of the Bute Docks.—In our last issue we 
stated that the Brush system will be used for the 
lighting of the Bute Docks. We are informed that this 
is a mistake, the system of Messrs. R. EK. Crompton and 
Co. being now installed at the docks named. 
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The Electric Lighting Act.—The London correspon- 
dent of a provincial paper writes as follows upon a 
subject of great interest :—‘“The probability of new 
legislation with regard to the electric light is said to be 
causing much excitement among the several com- 
panies. It is anticipated that the Government have in 
contemplation a Bill practically reversing the Act of 
1882, and removing all the restrictions which, in the 
presumed interests of municipalities and local bodies, 
were placed by that Act on the action of electric light- 
ing companies. The system of unrestricted freedom 
will be adopted, and companies and municipalities will 
be free to take what course they like. If this Bill 
passes it will lead, it is expected, to a vast extension of 
electric lighting.” 


Southampton and the Electric Light,—At a meeting 
of the Southampton Improvement Commissioners, held 
on Thursday last week, the surveyor produced a report 
and estimate of cost of using the spare energy at the 
destructor and of the sea water gas engines for the 
purpose of electric lighting. The question was re- 
ferred to the lighting committee. With respect to the 
utilisation of the power generated by the refuse 
destructor, Mr. Hutchings said they ought not to allow 
30 or 35 horse-power to run to waste. This report 
dealt with the generation of electricity for the purpose 
of lighting the town. He thought there was another 
way in which the electricity might be regarded in con- 
nection with this waste power. It had been found in 
many places that electricity could most usefully be 
employed in transferring power from an inaccessible 
spot to a place where it could be utilised. He sug- 
gested that the forces should be transferred to their 
yard and there drive an electric engine which could be 
used for the purpose of stone breaking. At all events, 
they might consider whether this power could be used 
in this way. It was evident that they did not want 
electric light all the day, and as this power was always 
available, and a boiler would be expensive, it seemed 
that unless they could find continuous work for the 
engine it would hardly be worth while to provide it. 
Unless the destructor engine could be used for some 
purpose: continuously it would be of little use alone. 
He moved that the surveyor prepare a further report 
with respect to the utilisation of this power for stone 
breaking, &c., and the question was referred to the 
lighting committee. 


Bournemouth and the Electric Light.—Mr. W. 
Lynd has written a capital article in the Bournemouth 
Visitors’ Directory, advocating the employment of the 
waste energy of the refuse destructor for producing 
current wherewith to light the Pier, the pleasure 
grounds, and the streets of the town by electricity. 
Mr. G. R. Andrews, the town surveyor, has formulated 
a scheme for putting the proposal into effect, and the 
matter is now under the consideration of the lighting 
committee. 


The Daily Paper and the Electric Light.—Will the 
eminent writers for our daily journals never take the 
trouble to acquire a little information regarding the 
subjects upon which they write? The Morning Post 
yesterday came out with these words of wisdom, set 
forth with all the dignity attaching to a leading 
article :—“The electric light is almost too brilliant 
while it lasts, but its habits are, to say the least of it, 
somewhat capricious. It is painfully intangible and 
mysterious; it cannot be seen or smelt like gas; 
though it is but fair to admit, on the other hand, 
that it does not testify its existence by violent explo- 
sion. But it cannot be measured out and distributed 
in convenient quantities for household consumption, as 
gas can. The system of accumulators, it is true, opens 
up a wide prospect. It may be that in years to come 
the prudent householder will store up against the 
winter his stock of electric accumulators, just as the 
Trish peasant builds his stack of turf. In this, or in 
some other form, there is little doubt that inventive 
science will soon find some method of adapting the 
electric light to the ordinary uses of the household.” 


Electric Lighting in the Metropolis.—Mr. W. Lant- 
Carpenter delivered an interesting lecture to the mem- 
bers of the County of Middlesex Natural History and 
Scientific Society on Tuesday evening, at the rooms of 
the Medical Society of London in Chandos Street, 
Cavendish Square. His subject was: “The Position 
and Prospects of Electric Lighting in the Metropolis,” 
which he treated in the manner most calculated to com- 
mend it to the attention and intelligent interest of his 
audience ; that is to say, the lecture was a “ popular” 
one to a certain extent, but contained a vast amount of 
information likely to be useful to those of his hearers 
who may have it in contemplation to make use of the 
electric light for themselves. The portions of his 
lecture in which we were most interested were those 
in which he treated of the “prospects” of the light 
in London ; with its “position” we were necessarily 
already more or less familiar. A few of the points 
elicited by Mr. Carpenter from the various companies 
and lighting firms will be of interest to our readers. 
The Maxim-Weston Company, he gathered, has almost 
completed a large installation at the establishment of 
Messrs. Crisp, in the Seven Sisters Road, where from 
40 to 50 ares, and 300 or 400 incandescent lamps are 
to be employed. Overtures have been made to the 
same company for the erection of a central station in 
the city to light 5,000 lamps. The firm with whom 
the company is in communication guarantee to take 
1,000 lights themselves for three years, and to find 
customers for the remaining 4,000 lights. Again, cer- 
tain private individuals have subscribed a large sum to 
provide for an installation of 1,000 lights in another 
part of the city. This looks like a promise of great 
activity in the city during the present year. Further 
west. Mr. J. E. H. Gordon is putting up an installation 
of 5,000 lamps for the lighting of a huge building near 
Whitehall and the National Liberal Club. The E.P.S. 
Company has upwards of 3,500 lamps running from its 
accumulators in the city, and anticipate a large increase. 
Messrs. Crompton & Co. have applied for powers to 
considerably extend the Kensington Court installation, 
embracing nearly the whole of Kensington, Knights- 
bridge, Brompton, and a portion of Chelsea, probably 
the richest part of residential London. Mr. Carpenter 
visited the Kensington Court station, and was im- 
pressed by the compactness of the plant. There are at 
present 1,000 lamps running, and 500 more are con- 
tracted for, all in private houses ; there is room at the 
station for the triplication of the plant and the pro- 
vision of current for 20,000 lamps. The house furthest 
removed from the station is at a distance of 900 yards, 
but Mr. Crompton is confident of his ability to carry 
current to distances of two or two and a half miles. 
Current is also supplied for small power motors and for 
arc lights. The charge imposed is 8d. per Board of Trade 
unit, or 028d. per hour per lamp, amounting to about 
double the price of gas. The shares in the company 
which owns this installation are at 50 per cent. premium, 
a fact which speaks well for the confidence of the share- 
holders in its success. 

Temporary Lighting.—‘l'ne occasion of the annual 
ball given to the staff of Thorpe Asylum, near 
Norwich, on the 6th inst., was this year made especially 
agreeable by the lighting of the hall by means of four 
200 C.P. incandescent lamps. The motor driving one of 
Messrs. Paris and Scott’s O type, No. 2 dynamos, was a 
new rotary engine brought out by Messrs. Sturges and 
Towelson, of Norwich. Motor and dynamo were 
coupled together and bolted to a cast-iron bed-plate, 
3 feet by 2 feet. 


Electric Lighting at Berlin, — Until recently the 
electric lighting in this city was conducted from two 
central stations. As this system involved considerable 
expense in the way of staff and administration, the 
scheme of joining the underground mains, so that they 
could be worked from either stations, has been recently 
adopted with complete success. One station now 
supplies the current requisite per day work, and the 
other that required for night work. 
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Theatre Lighting.—The Bellini Theatre in Palermo 
has recently been fitted with an electric light installa- 
tion, 300 Edison glow lamps and five Thomson-Houston 
arc lamps being employed. The glow lamps, says 
Industries, are fed by Zipernowsky transformers, the 
current being supplied from a generating station some 
distance off by Ganz alternate current machines. The 
arc lights are fed from a Thomson-Houston dynamo, 
motive power being supplied by an Armington-Sims 
engine and a Babock and Wilcox boiler. 


Electric Lighting at Chelsea.—At a meeting of the 
Chelsea District Board of Works on the 3rd inst., the 
surveyor said he had received a letter from the Chelsea 
Electric Supply Company, Limited, and had been handed 
a letter which Mr. Mossop had received from General 
Webber, and his answer thereto. He reported that the 
point of this correspondence practically was as follows : 
“That the vestry is not in a position to grant the Cado- 
gan Electric Light Company leave to place wires in, 
over, across, or along any street in Chelsea, because of 
the monopoly held by the Chelsea Electricity Supply 
Company. The latter company has appealed to the 
Board of Trade in support of its contention. As the in- 
terests of the Cadogan Electiic Light Company are more 
affected than those of the vestry, it may be that they 
would prefer to be directly represented at the hearing 
oftheappeal. Hetherefore recommended the vestry to (a) 
refer the letter to the electric lighting committee, with 
power to act, and (b) to appear before the Board of Trade 
to-defend the action of the vestry, and (c) also with 
power to confer with the Codogan Electric Light Com- 
pany, and to take any steps with them in this matter 
as the committee shall decide. Mr. Mossop moved 
the adoption of the report. The Hon. C. Dillon 
seconded the notion. The vestry were always thankful 
to Mr. Mossop for his action in the electric light 
matter, and they were very fortunate to have so able a 
man to take an interest in this question, and anything 
he did the board would agree to. Mr. H. Young 
supported the motion. He thought the vestry should 
be glad they could not agree toa monopoly ; for his 

* part he should like to see a little competition, for 
then they would have a chance of getting electric 
light cheap. The motion was carried. 


The Vienna Opera Installation, — According to a 
Vienna correspondent of the Glasgow Herald, Austrian 
officials are not to be trusted. Smooth and plausible 
in negotiation up to a certain point, they employ the 
most detestable of bureaucratic methods when the con- 
tractor has gone too far to withdraw. Messrs. R. E. 
Crompton & Co., of Chelmsford, who were engaged to 
carry out the electrical engineering in connection with 
the lighting of the Opera House at Vienna, were about 
to give the order for boilers to Messrs. Babcock and 
Wilcox, of Glasgow, but the Austrian Prime Minister, 
Count Taafe, insisted that they should be of Austrian 
make, and the firm of Witkovitch, which is financed 
by the Rothschilds, was consequently entrusted with 
the work of constructing them. The six boilers they 
put in, as is now notorious, began to crack after two 
months’ use. A furious outcry was raised against the 
English company, aud the firm of Witkovitch re- 
pudiated all responsibility; this repudiation has 
availed them nought, however, for the commission of 
experts appointed to make inquiries has thrown the 
whole blame upon them, and accused them of making 
the boilers in the most clumsy way and with worthless 
iron, and has, moreover, held them liable for the ex- 
penses of closing the Opera, 3,000 florins a night for 
ten nights, and the cost of putting in new temporary 
boilers and buying a set of six new permanent boilers, 
— have been ordered of Messrs. Babcock and 

ileox. 


The Lisbon-Gibraltar Cable—The Brifannia: pro- 
hably sails this week for the repairs of the Lisbon- 
Gibraltar cable, 


Antilles Cables.—It is reported that the ss. Roddum 
arrived at Curacao on the 2lst December. The 
voyage must have been favourable as she was timed to 
reach her destination on the 23rd or 24th. We are 
also informed that the laying of the Curacoa-La Guayra 
section was commenced two days after her arrival at 
the first-named place. A commendable energy has 
evidently been shown in attacking the work without 
delay, for nothing dispirits the members of an expe- 
dition so much as the waste and frittening away of 
time. On the other hand, the proceeding to lay a 
section in unknown waters (for no sufficient time can 
have been given to sounding) seems to court disasters, 
if we are correct in assuming that no soundings have 
been taken. Later reports, however, seem to indicate 
that only the Curacao shore end was laid on the 23rd 
ult., and that on the completion of this portion of the 
work, the Roddam proceeded to sound between the 
above-named island and the port of La Guayra on the 
mainland of Venezuela. The community on board 
this ship should be a happy one, for it not only possesses 
a * Darling” but also a “ Dearlove.” 


Sao Vicento-Sao Thiago Cable.—We learn that the 
ss. Electra is about to undertake the repair of this 
section which has lately broken down. We-wish the 
expedition every success, but considering the stormy 
weather and rough seas which prevail between these 
islands at this season, we are afraid that some delay 
will unavoidably be experienced. A repairing ship, 
however, cannot always pick and choose her weather, 
and must often be compelled to “ go it blind.” 


The Cable Pool,—The action brought by the Anglo- 
American Telegraph Company in the Tribunal of 
Commerce in Paris against the French (Pouyer-Quertier) 
Cable Company, requiring the latter to continue to carry 
out the pooling agreements made in 1882, was decided on 
Monday in favour of the Anglo-American Company. 
It will be recollected that on December 31st, 1886, the 
Pouyer-Quertier Company gave notice to determine 
thenceforth, so far as it was concerned, the joint purse 
agreements of September 24th, 1880, and May 12th, 
1882, and it was to test the legality of this notice that 
the action was brought. The Tribunal gave as 
damages against the Pouyer-Quartier Company 2,000 
francs per day since January Ist, 1887, until the per- 
formance of the agreement is resumed. The French 
Company is also condemned to pay all the costs. 
The reason assigned by the French Company for 
breaking the agreement was a letter in December, 1886, 
from M. Granet, then Minister of Postsand Telegraphs, 
stating that the agreement was contrary to the terms of 
the concession, not having received the approval in 
writing of the French Government. M. Cochery, the 
former Minister of Posts and Telegraphs, had, on the 
contrary, declared to M. Pouyer-Quartier that the 
agreement did not require the consent of the Govern- 
ment, and upon this statement the companies have 
acted for the last six years. The defendants have 
power to appeal. 


Telegraph Pole Tenders,—Tenders are invited for 
the repair and maintenance of telegraph poles, wires, 
&c., and telephonic apparatus during the next 12 
months, for the Waterworks Committee of the Halifax 
Corporation. Specifications may be seen and forms of 
tender obtsined on application to Mr. J. A. Paskin, C.E., 
waterworks engineer, Town Hall Chambers, Halifax. 
Tenders, properly endorsed, must be sent to Mr. K. 
Walton, town clerk, by 20th inst. 


Telegraph Wire Compensators.— We notice in a 
contemporary an invention by a Mr. R. Bozon for com- 
pensating for the expansion and contraction of tele- 
graph wires by changes of temperature. The invention 
consists of aspring formed by an India-rubber cushion. 
It does not appear to have occurred to the inventor 
that less than a year’s exposure to the continued action 
of wet and dry, heat and cold, would completely perish 
the rubber, causing it to be perfectly useless, 
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Curative Electricity—We read in the New York 
Electrical Review that the electric needle kas been 
successfully employed in removing a wen which had 
disfigured the patients’ nose since his birth. The 
nerves in the neighbourhood of the operation were pre- 
viously deadened by the application of cocaine. On 
another page we find electricity advocated as a means 
of curing violent headaches. 


The Electric Carbon Storage and Apparatus Manu- 
facturing Company of Scotland, Limited, —The 
official liquidator of this company announces the pay- 
mentof a final dividend of 2s. 3d. in the pound, making 
with the two dividends of 5s.each per pound previously 
paid a total of 12s. 3d. in the pound. Although the 
final dividend has been delayed since 1884, we think 
the electrical creditors will congratulate themselves on 
the result of their united action taken through the 
medium of Mr. W. T. Glover, of Manchester, Mr. W. 
Phillips, of Hackney Wick, and Mr. H. Alabaster, of 
the ELECTRICAL REVIEW. 


Dr. Fleming’s Measuring Instrument,—The London 
correspondent of the Electrical World of New York 
writes as follows of the instruments brought to the 
notice of the Society of Telegraph Engineers recently by 
Dr. Fleming : “ Dr. Fleming’s ammeters and voltmeters, 
which he has worked out in conjunction with Mr. 
Gimingham, are, in fact, merely a refinement of the 
well-known ‘Siemens’ dynamometer, and they are 
read in the same way by turning a torsion spring pro- 
vided with a milled head anda pointer. The instru- 
ment cannot be said to have any great importance in 
practical engineering work.” 


Electric Communication with Lightships,—At the 
monthly meeting on Friday last of the Hastings Town 
Council, the Corporation, in conjunction with that of 
Ramsgate, adopted the following memorial to the 
Queen: “To the Queen’s Most Excellent Majesty,— 
May it please your Majesty—We, the Town Council of 
the borough of Hastings, desire most respectfully to 
approach your Majesty, and to represent the great 
importance of electric communication between the 
lightships of the Goodwin Sands and the shore, and 
also between the Sovereign lightship and Eastbourne, 
being carried out as speedily as possible. The recent 
sad disaster to the German emigrant ship off Dover has 
deeply impressed us with the dangers attending the 
navigation along this perilous coast and crowded sea- 
way, and we would respectfully submit that the pro- 
posals we are now advocating would materially lessen 
the dangers and prevent in a great measure the sad loss 
of life at sea to which our attention is so frequently 
and painfully directed. We venture to bring the 
matter before your Majesty thus earnestly, well know- 
ing your Majesty’s deep and constant sympathy with 
all classes of your Majesty’s subjects, and your 
Majesty’s anxiety to alleviate the sufferings of the 
distressed.” 


Alternating Current Are Lamps.—At a juvenile 
lecture given by Mr. W. H. Preece, F.R.S., at the 
Society of Arts on the 4th inst., an arc lamp was shown 
in action by means of alternating, currents supplied 
from a central lighting station. A ‘“ Brockie-Pell” 
lamp, specially wound for alternating currents, was 
used, and the remarkable steadiness of the light left 
nothing to be desired. The current was conducted to 
the lecture room by overhead wires, insulated on fluid 
insulators, from the Grosvenor Gallery station, which 
is fully a mile away. 


Otto Gas Engines,—The Otto factory at Deutz, 
Cologne, is engaged in the construction of a 4-cylinder 
100-horse gas engine, to be driven by water gas. 


A Town in Darkness.—At Nelson, near Manchester, 
on Monday morning the town was in darkness from 
six to nearly nine o’clock. Owing to the want of gas, 
all the mills and workshops were stopped, and about 
10,000 people were idle for nearly three hours. 


Generosity.—The employés of the Commercial Cable 
Company have once more had occasion to be grateful 
to the generous instincts of Mr. Mackay, the presicent, 
for they have all received a Christmas box equivalent 
to half a month’s salary. These gifts amounted in the 
aggregate to £1,800. This is the third time Mr. 
Mackay has so rewarded the force under his command. 

Conversazione,—The conversazione of the Midland 
Institute, Birmingham, is annually anticipated with 
the liveliest interest and pleasure. This year it has 
been rendered even more attractive than formerly, the 
electric light being for the first time available. The 
open conversazione begun on Tuesday evening, and 
was continued on Wednesday and Thursday, Friday 
night being reserved for the students and their friends. 
A collection, interesting alike to the antiquarian, the 
artist, the scientist, and to literati, has been exhibited 
during the week; short popular lectures upon scien- 
tific subjects have been given, and every means has 
been taken to instruct and amuse the visitors, who 
have attended in great numbers. 


Sham Electrical Appliances,—Not without reason, 
says the Lancet, does our contemporary, the ELEc- 
TRICAL REVIEW, call public attention to the vendors 
of “bogus electrical belts” and other worthless appli- 
ancea constructed with the ostensible object of employ- 
ing @lectricity as a curative agent. Having reproduced 
our description of some “electrical belts,” our con- 
temporary proceeds :—A correspondent to the paper 
adds that upon the production and advertising of such 
rubbish £20,000 a year is profitably spent. Yet some 
of us think it strange that the “ medicine man” should 
be able to impose his antics upon uncivilised negroes. 
It would seem as if the ancient sarcasm were entitled 
to the rank of a universal truth, “ Populus vult decipi 
et decinatur.” 


University College Bristol.— The lectures for the 
engineering courses, mechanical, electrical and civil, 
recommence on Monday, January 16th. The subjects 
of applied mechanics, strength of materials, kinematics 
of machinery, and current electricity, will be treated 
during the ensuing term. Special facilities for entrance 
into works during the summer months are offered 
during this session. 


Electropathic Belts.— We have received the belt 
which cost our correspondent, “ A Poor Victim,” three 
guineas, and which he was afterwards assured would 
not show a trace of electricity. We shall doubtless 
have something to say concerning this in our next 
issue, and in the meantime the duped one may find 
something to console him in the letter of Mr. Lynd. 


Kennedy's Dynamo.—Messrs. F. H. Royce & Co. 
have written to us in reference to the description we 
gave last month of a dynamo made by Mr. Rankin 
Kennedy, stating that they have made an almost exactly 
similar machine since last May. A woodcut accom- 
panied their communication, and this seems to show 
great similarity—in outward appearance at all events 
—between the two machines. 


OFFICIAL RETURNS OF ELECTRICAL 
COMPANIES. 


Shippey Brothers, Limited—An agreement of 24th 
ult. provides for the purchase of the business of Arthur 
Shippey, trading as Shippey & Co. The purchase, in- 
cluding the following letters patent, viz.: No. 5,955, 
1883 ; No. 1,752, 1884; No. 9,365, 1884; No. 6,221, 
1887; No. 11,802, 1887; also French and Belgian 
patents relating to Nos. 5,955 and 1,752, together with 
any improvements or secret processes which may be 
hereafter made relative thereto. These patents relate 
to improvements in the manufacture of carbon fila- 
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ments, or conductors and globes, or bulbs for incan- 
descent electric lamps ; a method of collecting virgin 
coal gas or carburetted hydrogen, and apparatus there- 
for ; implements in magneto-dynamo-electric genera- 
tors and electro-dynamo-magnetic machines; regulation 
of motors and feed of arc lamps, &c.; improvements 
in and relating to the manufacture of incandescent 
lam ps, and the methods adopted for converting old lamps 
into new, and for materials used therefur and in com- 
bination therewith. The purchase consideration is 
£3,000 in cash by six half-yearly instalments, and 
1,000 fully paid shares of £5 each. 

Pilsen-Joel and General Electric Light Company, 
Limited,—The registered office of this company is now 
situate at 4, Stanhope Street, Euston Road. 


CITY NOTES. 


Direct United States Cable Company, Limited,— 
This company announces an interim dividend of 2s. per share, free 
of income tax, being at the rate of 2 per cent. per annum for the 
quarter ending December 31st, 1887. The dividend will be pay- 
able on and after the 24th inst. 


The German Union Telegraph and Trust Company, 
Limited.—This company has declared an interim dividend of 
5s. 9d. per share, payable on the 17th inst. 


TRAFFIC RECETPTS. 


The Western and Brazilian Telegraph Company, Limited. The receipts for the 
» week ending January ié6th were pans, after deducting the fifth of the gross 
Tocetets payable to the London Platino-Brazilian Telegraph Company, 


The Brazilian Submarine Telegraph Company, Limited. The receipts for the 
week ended January 6th amounted to £4,491. 


PROCEEDINGS OF SOCIETIES. 


The Society of Telegraph-Engineers and Electricians. 


The following is an abstract of the address which the president, 
Mr. Epwarp ‘iraves, Chief Engineer of the Postal Telegraphs, 
delivered last night :— 

The object of the compiler of this address has been, however 
imperfectly, to trage the nature of the benefits already conferred 
upon the world by the use of electricity in some of its varied 
expressions, and to gauge the extent of the employment it has 
given, by means of its operations, to at least the inhabitants of 
our own country. 

It is almost impossible to express the variety of ways in which 
the action of electricity is utilised. Their name is legion, and 
they are ever multiplying. Communication between distant 
places was the first widely extended purpose to which it was 
practically put. ee aga | its operations were confined to points 
separated by landonly. Then intervening rivers, channels, seas, 
and oceans were successively crossed, until now nearly the whole 
earth is bound together by submerged chains—a kindly bondage 
that is another name for union. 

Another most prominent utilisation of electricity is for the 
purpose of illumination. Economy of peereion is, perhaps, the 
great meg oe | for its complete development. As the light of 
brilliance, health, and beauty, its claims are universally acknow- 
ledged ; but the commercial problem can hardly be said to be yet 
completely solved, although the steps taken in that direction give 
promise of a satisfactory solution being not far off: the problem 
of distribution is becoming understood. 

Telephony came into the field com tively recently, but has 
met with wide acceptance and has had a vigorous growth. It has 
been welcomed in all countries as a boon to humanity. The 
delicacy of the instruments by which it is worked is, perhaps, the 
source of greatest difficulty that its further development has to 
overcome: their sensitiveness is alike manifested to intended and 
unwished-for influences. Since their inception we have had means 
of observation far more delicate than any previously in general 
use, but we have also discovered that the influence of “induction” 
is apparent to a much greater degree than was before deemed 
' probable as an interference with the practical working of electric 
communications for commercial purposes. 

_In electro-metallurgy, electro-plating, electro-typing, and the 
like uses, electricity operates in many different directions. In 
some branches it is employed as a new and better way of pro- 
ducing the same results that were previously produced by inferior 


means; in some the results attained are novel, as well as the 
methods employed. 

The substitution of electricity for steam, water or gas, as a 
source of power, capable of driving mechanical engines, either 
stationary, locomotive, or marine, and the transmission of similar 
power to a distance from its source of origin, although success- 
fully carried out in many important instances, may be considered 
as yet rather in the earlier stages of experiment and growth than 
of those of completion. There is a wide field yet to be explored 
in this direction. 

For medical purposes electricity is also extensively employed ; 
but I confess that I am unable to separate the wheat from the 
tares—the really curative agent from the imposture—and there- 
fore can only say that it is evident that much may be done in this 
direction; much is already done, but the extent of the area it will 
finally occupy cannot yet be perceived. When the real nature of 
the power employed is understood, then we can better appreciate 
the nature of its influence upon the ailments to which the human 
frame is subject. 

As a warning against fires that may threaten our houses, an 
agent employed to summon helpers to our relief, the electric 
current renders great service, that will, it is to be hoped, be 
availed of more extensively in the future than it is at present. 

Electricity is also utilised to an increasing extent as a safe- 
guard to the lives of the toilers in our coal mines charged with 
explosive gases. As yet it is somewhat in an uncertain stage in 
this respect—its use is proved, the desirability of its employment 
recognised, and efficient instruments for the purpose devised, but 
practice is yet needed to remove the difficulties in the way of its 
general adoption, to overcome the inertia that blocks its path. 

For ringing the bells of our houses it has practically superseded 
the apparatus of pulleys, cranks, and movable wires; it can be 
operated over distances to which they were inapplicable. For 
submarine mining, blasting rocks, firing discharges that cause 
mountains to crumble, and for the purposes of warfare, the heat- 
conveying powers of electricity are extensively employed. 

The last of the uses of electricity that I will particularise was 
one of the earliest to be availed of: a species of telegraphing 
with a special object, guiding trains on their way, and guarding 
against the risk of collisions by night and by day. When steam 
had won its greatest victories, it was necessary that some swifter 
and more subtle power should be at hand to control and regu- 
late its action. Such power was found in the use of electricity, 
by means of which signals are given that track and guide the 
moving train throughout its journey. The line of railway is 
divided into successive sections, into each of which a train is for- 
bidden to enter until the electric indicator gives permission, such 
permission being withheld until it is announced, by similar means, 
that any preceding train has passed from the further end of the 
section, upon which its successor is allowed to enter. 

I have so far specified a few of the leading purposes for which 
electricity is employed, but to enumerate them all is practically 
impossible ; the sphere of its influence is widening every day, and 
no one can attempt to say when its ultimate limits will be 
reached. 

Only on Saturday last I saw an announcement in an evening 
journal to the effect that it had been discovered that the passage 
of a powerful stream of electricity through sewage water effected 
the division of the solid from the liquid constituents of the latter. 
No practical description of the modus operandi was given; but the 
bare announcement, whatever the results, shows a new direction 
in which some minds, at Jeast, hope that profitable employment 
for the electric agent may be found. 

Telegraphy and telephony, however, have introduced a really 
new thing into the world. The discoveries of Galvani, Volta, and 
(Ersted, however, combined with the result of preceding experi- 
ence, led to the construction of the telegraphs of Gauss, Weber, 
Schilling, and Steinheil; and, finally, the endeavours of Cooke 
and Wheatstone in England, and Morse in the United States, 
resulted in the production and general use of a reliable means of 
long-distance telegraphy, which has since been improved upon in 
many ways, but which, in its essentials, remains the same. 

Now let us see what is the outcome of all this thought, inventive 
enius, and intellectual energy. What has the thing they pro- 
uced done for us ? 

Let us compare, say, 1837—when Cooke and Wheatstone first 
demonstrated the practicability of their system—with the facts of 
1887. 

In 1837, whenever “a member of any family, however highly 
laced, left the shores of his native country, he was lost to his 
riends—he disappeared, as it were, from their lives. He might 

be heard of at more or less frequent intervals by correspondence 

passing through a slow post, but in no emergency, however great, 
could he be communicated with in time to admit of his taking 
rompt action ; separation was realised and its rea] meaning felt. 
‘or instance, in 1834—and the conditions were little changed in 
1837—when the first Melbourne Administration was dismissed by 

King William IV., a special messenger, despatched from Brighton 

on the’ morning of November 15th to Sir Robert Peel, then at 

Rome, could only carry to him the offer of the Premiership in 

ten days’ time; making all possible speed he only antieh on 

November 25th. ‘ 

At the present day let a man travel throughout the world, he 
holds in his hands, as it were, the strings communicating with his 
own home. Twenty-four hours, in practice, is an extreme period 
to elapse between the despatch of an urgent summons, or the 
communication of an important piece of intelligence, and its 
acknowledgment by the recipient, even at the ends of the earth, 
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Last month Lord Hawke died at the St. Pancras Hotel. His son, 
and successor, was cricketing in Victoria, Australia, but in a few 
hours he received the sad intelligence, and will be home long 
before he could have known of the necessity for his return in the 
former state of things. Take the converse of this case. A 
criminal fleeing from justice wishes, of course, to cut off all traces 
of his connection with the place whence he flies. Fifty years ago 
he could do so easily ; a few hours’ law at the start would enable 
him to elude pursuit effectively. He could escape by sea and 
know that he could not be followed for a certain number of days, 
and that on his pursuers arriving at the foreign shore they would 
find him gone—vanished into the far-spreading regions of the 
West or South—where no clue could be found. Now let a man 
succeed in catching the fastest steamer that skims the ocean, and 
let him do so unobserved by his trackers here, he arrives at New 
York, Cape Town, Sydney, Melbourne, or Suez, only to find the 
police awaiting him, and ready to return him, by the quickest 
available means, to answer for his misdeeds. 

News, in its widest sense, isa very different thing now from what 
it was formerly. A newspaper of the earlier portion of this century 
contained intelligence from all quarters, no doubt, but it was not 
contemporary intelligence, nor at all regular in its appearance. 
From the nearer capitals of Europe it might perhaps be two or 
three days old only, but in the same journals that printed this 
news appeared articles from the more distant parts of the globe 
dated two, three, or even five months before. For instance, in 
1837, in the Times of July 20th, there appeared news from 
Valencia, Spain, of Carlist operations on July 15th; the sema- 
phore having been utilised for its transmission across France, but 
its news being broken off because darkness had come on. 

Since that period an entire change has appeared on the face of 
journalistic matters. If a cricket match takes place at Sydney, 
New South Wales, on December 10th, the full score appears in 
the Times on the morning of December 12th, the intervening day 
being Sunday, but 10 hours being represented by the difference of 
time between the longitudes of Sydney and London. 

Again, as regards. our own country alone, a most remarkable 
change has occurred in the character of the press. Fifty years 
ago the most important speeches might be delivered a few hun- 
dred miles from London, and they appeared in the shape of a 
meagre, condensed summary the second or third day after 
delivery. They were no longer new when they could appear at 
all, and hence it was not worth while publishing them at length 
when they did appear; perhaps, however, this imperfect publi- 
cation had the compensating advantage of lessening their 
frequency, so far as readers were concerned. Now, if Mr. Glad- 
stone speaks in Midlothian, Lord Hartington at Dublin, or Lord 
Salisbury at Liverpool—although it may be close on midnight 
before their oratorical efforts are completed, yet next morning 
the broad sheets of our daily press will give us, verbatim, all that 
their audiences have listened to; and, in fact, the readers of 
London papers often know much earlier than the residents of a 
village 10 miles from the place where the discourses were 
delivered what were the very expressions of the distinguished 
speakers. 

It is not, at the present day, conditions of time or distanve 
that limit the fulness with which an oration appears, the morning 
after delivery, in the newspapers, but only the amount of popular 
interest which the couductors of each particular journal believe 
will be taken by its readers in the speaker's words. Audiences 
are no longer confined to those who can be present in the largest 
halls; on the wings of the telegraph, and by the agency of the 
newspapers, the speaker addresses the whole world, or at least 
such portions of it as care to know his opinions on the subject of 
which he speaks. 

London is far and away the centre of greatest telegraphic 
activity ; but the fact of its being the capital—the seat of the 
Legislature and of the Law Courts, the headquarters of the Stock 
Exchange, and so on—gives it so many special features, indepen- 
dent of its widespread commercial interests, that it can hardly be 
properly compared with any provincial town as regards the 
amount of business done. It may, however, be of some interest 
if I contrast a few of the leading provincial towns in this respect. 

Taking the calculated population within the free town 
deliveries of letters up to the end of 1886, and the actual number 
of telegrams originating within the same limits for the year end- 
ing September 30th, 1887, the results are as follows :— 


Pupulation, 
Glasgow 740,000 1,444,741 
Liverpool 2,268,062 
Manchester... 613,982 1,660,538 


exclusive in all cases of the messages collected for America and 
the Eastern Telegraph system, which are despatched by special 
wires worked by the cable companies. Upon these figures it 
should be remarked that the population attributed to Glasgow 
includes the ring of minor boroughs excluded from the city ina 
municipal sense. In the case of Liverpool all north of the Mersey 
is reckoned, but Birkenhead, largely peopled by persons interested 
in Liverpool commerce, is excluded. But the fact remains that 
the seaport possessing the largest trade of any, out of London, in 
the kingdom, does the largest telegraphic business. Manchester 
includes Salford in its number of residents, and, being a central 
point for numerous surrounding towns who look to it for 
— in commercial matters, ranks considerably above the 

ger population of Glasgow as regards the employment of the 
telegraph. Further— 


Population. 
Birmingham ... 420,000 672,714 
Edinburgh (with Leith) ... 819,030 667,758 
Dublin ges pee ... 819,000 582,083 
Newcastle-on-Tyne 151,500 546,294 


show the comparative telegraphic pre-eminence of the seaports 
as compared with the subordinate capitals and the great Midland 
manufacturing centre. Edinburgh, including Leith in its 
boundaries, adds thereby a place of material commercial activity 
to its semi-metropolitan population. 

Other cases strengthen the conclusion that the nature of the 
trade rather than the absolute volume of business must be con- 
sidered in determining this comparison, thus— 


Population. 
Belfast... ... 225,000 344,603 
Sheffield ... ... 805,000 257,056 
Nottingham = 211,424 236,143 
Leicester ... 127,500 188,890 
Cardiff ... 394,891 
Dundee ... 152,840 206,168 
Aberdeen... 118,212 206,680 
Newport (Monmouth) ... .. 40,000 153,193 


For most of these divergencies and discrepancies, persons 
familiar with the characteristics of the various towns will easily 
find reasons ; and I may add a few more instances :— 


Population. 

Portsmouth --» 132,659 154,905 
Plymouth (ex Devonport) .. 96,142 185,454 
Southampton... ... 61,000 158,069 
York ... 60,500 126,541 
West Hartlepool... ask ... 82,000 114,014 
xford... ... 44,000 86,524 
Chester... we 40,340 98,721 


Analysing the figures given above, we find that Liverpool, with 
rather more than 3 messages per annum per head, Newcastle-on- 
Tyne with rather more than 3} messages per head, Cardiff with 
somewhat less, Newport (Monmouth) with an approach to 4 
messages per head, and West Hartlepool with about 3} messages 
per head per annum, rank highest among English towns as 
contributors to telegraphic employment. It may be remarked 
that Oldham and Blackburn, both containing over 100,000 of 
population, do not figure in the list of the 52 towns whence the 
greatest number of messages are forwarded, although many much 
smaller places do so. 

This much may serve to illustrate the changes that the electric 
telegraph has wrought, and the benefits it has conferred. 

The operations of the telephone as yet are of a more limited 
character, but even as at present developed are of little less 
interest. The telegraph may be regarded, in the main, as the 
rapid public transmitter of private or public correspondence ; the 
telephone as the instrument of personal, and therefore strictly 
private, communications between man and man. If the commu- 
nication is perfect, and soarranged as to be free from interference, 
not only can the varying sounds of voices be recognised through 
the connecting wire, but the tones may be distinguished in many 
cases, and the speakers known. One individual can speak 
freely to another, obtain his auswer, and make any rejoinder he 
thinks fit. An entire business transaction can be completed 
without any pre-arrangement, and confidential questions can be 
equally confidentially replied to. Reis edvanced the discovery of 
the means of transmitting the effects of speech to the verge of 
success, but did not pass the verge. Bell completed what Reis 
had begun, and placed a workable instrument at the disposition 
of the world. Edison and Hughes strengthened the forces em- 
ployed for the transmission of sound waves, and the telephone 
(as we know it) was completed. Founded upon the laws that 
guided the production of the telegraph, the generation of the 
telephone was especially rapid—but a brief space has elapsed 
between its inception and its realisation. ‘The warvels it has 
wrought are less striking than those of the telegraph, but the 
processes by which they are produced appear more marvellous 
still. At present the operation of wide-stretching patents perhaps 
cramps, to some extent, the improvement of the mechanical 
apparatus needed for telephonic expression, and time has not 
sufficed to admit of all difficulties in the way of its extended use 
being overcome ; but seeing how few years have elapsed since the 
discotery of the thing itself, we may reasonably hope for its 
much greater development in the near future. 

There are many indirect methods in which labcur is employed, 
because electricity has been utilised, that do not admit of being 
ranked under any special head of its operations. Wire-drawers, 
and, in consequence, iron works, and copper smelting works, 
also copper-plate rollers, are largely engaged in the production 
of materials for the transmission of electric signals. Timber 
dealers and their workmen, creosoters, insulator makers and 
their employés, brass workers, spelter makers, engine builders, 
boiler makers, glass blowers, carbon plate and rod manufacturers 
and very numerous other occupations, receive considerable 
employment by means of the demands that electricity has 
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encouraged; but as the firms gy Me do not generally devote 
themselves solely to meeting such demands, but exist also for 
wholly distinct purposes, it is impossible to arrive at aty idea of 
the amount of labour ‘on electrical account that theyr employ. 
It is equally impossible to enumerate all the persons-engaged 
in absolutely electrical trades. In Sheffield there are 172 electro- 
plating and electro-gilding manufacturers, employing in all about 
5,000 hands ; and in Birmingham there are 99 manufacturers of 
the same class, two of whom employ 300 persons each, and others 
a large, though uncertain number in the aggregate—one thing is 
certain, it must in the total be very large. 
The electroplaters, electrotypers, and the like are so widely 
spread that it is impossible to collect reliable figures for them— 
the instances preceding must suffice ; a similar conclusion to the 
former is only possible. It is the more difficult to arrive at any 
satisfactory determination because it is simply impossible to 
ascertain how many persons were employed in dealing with the 
old methods of working in these directions. 
In London alone there are, according to the “ Post Office 
Directory ” of 1888, 535 commercial firms, of greater or less magni- 
tude, engaged in various operations of which electricity is the 
mainspring. Some of these firms appear under several trade 
descriptions, and it is impracticable to assign any reliable figures 
to the number of their employes, but in the total it must be very 
considerable. Each employer, although carrying on probably 
several distinct branches of trade, must engage the full time of 
various persons, in most cases, in each distinct branch. To the 
London employers must be added the numerous others existing in 
our provincial towns. I have, however, obtained reliable figures 
wherever possible. 
I will first take the case of the British Inland Telegraphs. 
The English Post Office employs, solely in the conduct of tele- 
graphic operations, 18,303 persons. These individuals give all 
their time to work in connection with the electric telegraphs ; 
many thousands of others are partially employed in the same 
work, but they discharge other duties also, and possibly would be 
required for those duties did not the telegraph exist. I have, 
therefore, not included them as among those who have found their 
means of subsistence through the operations of electricity. 
To this ascertained number must be added those who are 
employed by the various railway companies, either in the conduct 
of their general telegraphic business between station and station, 
in special duties in connection with the signalling of trains, or in 
upholding the telegraph lines existing on the different railways. 
I could not, in the time available, get the figures I wanted from 
every railway company. I therefore contented myself with those 
of four great companies, whose entire systems extend over a 
length of 5,881 miles. I found that they employed 1,627 persons 
solely on telegraph work, and, as the entire mileage of railways 
existing in 1887, as given in “‘ Bradshaw’s”’ hand-book, was 19,339 
miles, I apply the rule of proportion, with the result that I find 
the total number of railway servants wholly engaged in electrical 
work to be 5,383. Many of the railways which go te make up the 
ss total mileage are small concerns, many are large ones; 
but as the infinite subdivision of lines multiplies the number 
of persons employed in carrying out the operations of any 
branch of work, I do not think that I can be far wrong in 
applying the ascertained results of the figures I have reliably 
obtained to the average of the whole railway system. 
But, like the Post Office, the railway companies have a very 
great number of persons partially though not wholly engaged in 
similar operations. The men at the numerous signal cabins not 
only work the levers controlling the fixed signals, but usually 
manipulate the block telegraph besides. At many small stations, 
where there is but a limited force engaged for the discharge of all 
duties, the booking-clerk works the instrument in addition to his 
other employments. I do not count either of these classes among 
the purely electrical employés. 
The Exchange Telegraph Company, a licensee of the Post 
Office, engaged mainly in the supply of intelligence of special 
events to clubs, public institutions, and private persons, employs 
the entire time of 182 persons, besides the partial time of many 
others who supply the company with reports and information. 
Thus the number of individnals engaged entirely in the 
transmission of business brought about by the existence of the 
electric telegraph in Great Britain and Ireland is, as nearly as I 
can ascertain, 23,868 persons ; to which must be added an army 
of persons who probably find their incomes more or less consider- 
ably increased by the same cause, though not entirely dependent 
upon 1t. 
I intended to confine myself to the economical figures of the 
British Islands only, but I may remark that if the rule of pro- 
portion holds good in this branch of the subject, and the entire 
mileage of public telegraph wires of all kinds in this country be, 
asis the case, 229,000 miles or thereabouts, while those of the 
world approximately amount to 1,800,000—omitting submarine 
cables—we have, as in the one case 23,868 persons are employed, a 
total number of 179,748 persons who find a field of labour in the 
working of telegraphic communication throughout the globe. It 
is impossible, seeing the varied circumstances existing in different 
countries—in some there are long mileages of wire connecting 
comparatively few offices or stations, in others there are short 
mileages connecting many stations—to say that this total is cor- 
rectly arrived at, but it cannot fail to be at Jeast an approximation 
to the truth. In some countries the available figures are in- 
definite as regards the differences between Governmental lines 
and wires for railway purposes; in some, telephone lines are 
mixed up with the figures for telegraph lines. us the totals I 


have given are liable to error, but it is, at any rate, error on the 
right side, and the number of individuals engaged in their 
working in all probability will rather exceed than fall short of 
the numbers I have given. The facts as to the partial employ- 
ment of individuals not enumerated as telegraphic employés is 
common to all the world, and not by any means limited to the 
United Kingdom. To the known and fully occupied a very large 
addition must be made to represent the unknown and partially 
occupied. 

The Submarine Telegraph Cable Companies must next be don- 
sidered. From three of these—the Eastern, the Anglo-American, 
and the Submarine—I have obtained the actual figures. Their 
employés number in all 2,168. These three companies possess 
about 36,697 miles of wire, and throughout the globe there are 
about 107,000 miles of cabled wire. Deducting those cables that 
are really integral portions of land circuits and which have no 
separate organisation, the persons employed in working them 
are treated as if engaged on land telegraphs. By proportion, this 
total mileage of wire in cables should make the entire number of 
persons employed 6,315. Some time ago the Eastern Telegraph 
Company endeavoured to get up a census of the number of per- 
sons employed in submarine working throughout the world, and 
arrived at a total of 4,844 persons ; but I am not certain that all 
the lines included in the above calculation were existing at the 
time such census was compiled. I am pretty sure they were not. 
I take the actual total of persons employed at 6,000. 

These cable companies employ also cable ships in repairing and 
maintaining the submarine lines. Of these I speak more fully 
when dealing with cable manufacturing companies. 

Next in order come the Telephone Companies. These, in pro- 
portion to the number of their wires, of course employ com- 
paratively few persons, as the renters of the lines are their own 
manipulators ; they employ attendants only at Exchange switches ; 
but, nevertheless, the information received from all the com- 
panies existing in Great Britain and the North of Ireland shows 
that their operations give employment to 2,386 persons. ‘To this 
number must be added that of the company working in Dublin 
and the South of lreland; thus the total is raised to cer- 
tainly 2,500 individuals, probably more. I have no facts upon 
which I can extend the comparison to the world generally, but, 
seeing the universal adoption of this means of communication, and 
the extent of its development in the United States especially, 
there can. be little doubt that the aggregate total of persons 
engaged in carrying out this form of pte undertaking must 
at least reach 30,000. 

The electric lighting industry then comes under consideration. 
From five of the largest concerns engaged in the business of 
either providing apparatus and mechanism for its production, or 
utilising such means for the actual installation of the illuminant, 
I have received returns of the average number of their employés. 
These amount to 1,828. The five concerns I applied to, although 
among the largest, by no means represent the greatest part of the 
entire industrial army occupied in the like pursuits. I believe 
that there need be no hesitation in putting down at least 5,000 as 
the total for our own country ; and, keeping in mind the fact that 
all countries welcome and adopt the new light—some to an extent 
much exceeding our own—it is reasonably cer‘ain that 20 times 
this number, or 100,000, will not be too great a figure to repre- 
sent the entire strength of the workers in this field. Along with 
the electric light companies and the employment they give, I 
comprise those of the makers and producers of secondary batteries 
or accumulators mainly occupied in operations auxiliary to the 
production of electric light. 

There remains to be considered the number of persons em- 
ployed by the submarine cable and insulated wire manufacturing 
companies, who most of them make also various instruments used 
in telegraph working, and in other electrical applications. The 
extent of the employment given by them varies considerably, as, 
of course, cable-making is a somewhat fitful industry—the periods 
of active construction and of comparative slackness alternate with 
each other. From the three largest companies on the Thames, I 
learn that the average number of persons employed by them 
varies from 5,547 at a busy time to 1,803 at a dull one; this gives 
an average of 3,630. The trade, so to speak, is more concentrated 
than in the case of the electric light, and it is probable that about 
5,000 persons will be a fair allowance for the entire number 
engaged in it in these realms. 

In the foregoing totals are included the number of persons 
habitually employed on the cable-laying ships of the various 
manufacturing companies, as is also the case with the repairing 
ships belonging to the different cable companies. The vessels 
represent a kind of international fleet engaged solely in attendance 
upon the cables in which their owners are interested. They are 
of all sizes, from the gigantic Silvertown, Faraday, and Scotia, to 
vessels of 300 tons and 400 tons burden. Our mercantile marine, 
therefore, must be counted among the occupations benefited by 
the advent of electricity. 

We must not overlook the large body of persons engaged in 
teaching the aspirants to electrical knowledge. At universities, 
colleges, and technical schools a new branch of science has been 
added to the previous curriculum. Professors, demonstrators, 
and their assistants represent in the whole a very important and 
numerous class. Their pupils, in an appreciable measure, repre- 
sent workers ranked in one or other of the occupations I have 
mentioned, while numerous others have as yet attached them- 
selves to no. special field of work, but are preparing to take part 
in some definite sphere of labour when their studies are sufficiently 
advanced. It is amongst these regularly trained for the conflict 
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that we must look for our future victories over the inert forces of 
nature. It is they who will advance that which as yet is 
struggling with the difficulties that surround the unknown. It 
is to them that we must look for future discoveries which will 
make that plain and easy which now has to be sought for through 
much trial and many errors.- In the early days men groped in 
the dark towards the light, as it were; but our present students 
of electricity have at their disposal a clear resumé of all the 
achievements of the past to aid them as a torch on their way to 
fresh operations in the same field. 

Finally must be mentioned the technical press. Independently 
of the papers devoted mainly to other interests, such as the 
Engineer, Engineering, and their like, which give large space to 
electrical subjects, we have in England, America, France, and 
Germany alone between 20 and 30 organs interested wholly or 
specially in the publication of facts or opinions concerning 
the operations of electricity. This department of the press is in- 
valuable in rapidly spreading a knowledge of what is doing 
by various workers in the electrical field throughout the globe, 
and is itself a literary outgrowth of the marvellous agent we are 
regarding. 

Considering the foregoing figures, the results come out as fol- 
lows :— 


Number Probable number of 
of persons employed 
Employed fn connnection with persons, throughout the world, 
British Land Telegraphs ... 23,868 180,000 
Submarine Cable Companies 
(mainly British) ... 6,000 
Telephone Companies sie 2,500 30,000 
Electric Lighting... ae 5,000 100,000 
Cable - waking, and allied 
42,368 


Add to these the individuals that cannot be classified, who 
must amount in the aggregate to at least an eyual number, we 
arrive at a total approaching 100,000, in round numbers, of per- 
sons dependent for their employment on the various operations 
directly connected with electricity in these islands alone, besides 
a very large addition to the output of various trades, caused by 
its consumption of the materials they produce. The employment 
of 100,000 persons means the support of at least 300,000 of the 
community. An unusually large proportion of young, or at least 
unmarried, people of both sexes minister to the calls of electrical 
work, and hence I take the average family at three instead of the 
usual calculation of four-and-a-half or five. 

If these figures represent even an approach to the truth, it is 
evident that throughout the earth there must be 5,000,000 of 
people, at least, who would have to seek for other means of 
subsistence if electricity and its commercial applications had not 
been made known to man. Thus it is evident that a double 
blessing has been conferred by the discovery of its potent foree— 
a blessing to the inhabitants of the world at large, who profit by 
its operations, and a further blessing to the toiling myriads whose 
field of labour lies in carrying them out. How great will be the 
numbers similarly occupied and similarly dependent when a 
century more has rolled away ! 

Thus far I have sought to sketch, though briefly and imper- 
fectly, the various modes in which electricity is utilised, and to 
arrive at some idea of the extent of employment derived by the 
workers who strive to secure such utilisation. But this is at best 
an approximation to the truth at the present moment It is littie 
more than fifty years since the powers of the new agent were first 
turned to practical account, and since that time the record has 
been one of continuous and unabated progress. Discovery has 
succeeded discovery, and invention has followed upon invention. 
At present many fields are entered upon but scarcely trodden, 
Electro-motors and their like have clearly an unknown, an un- 
measurable field before them. What is done is as nothing to 
what will be done. The fusion of the influences of sound and 
light, the laws of heat in relation to the power we are considering, 
and its equally important bearing upon those of acoustics, open up 
so many directions in which we may look for future researches to 
make much that now shows, as it were, through a glass darkly, clear 
and distinct, if not to ourselves, at least to future generations. 
The Leyden jar and the frictional machine taught us the true re- 
semblance between the force they made manifest and the awe- 
striking lightning discharge from the clouds. Later, more 
tractable and more easily controlled manifestations of the same 
agent have been discovered, but in their obedience to control they 
enlarge greatly the sphere of its uses. 

As a stander-by, watching the progress that has been made, 
and is still making, by the earnest workers who have given to the 


world so much—marking the difference between the knowledge of - 


the present day contrasted with that which existed over thirty-six 
years ago, when I first knew the difierence between a battery 
and an insulator, and conceived some vague idea of their respective 
functions—I am struck with astonishment. In 1852 the Rubicon 
had been crossed, the theorist had given place to the practical 
worker, but as yet the latter had not advanced very far from the 
lines laid down by his predecessors ; the spirit of the originators 
was as yet the controlling influence, but the mind of the student 
was set free, and each month showed the results of unshackled 
inquiry. New fields, undreamed of then, have been opened ; new 
applications have been discovered by which the powers of electri- 
city have been utilised; known applications have been greatly 
advanced and extended. In the time of which I speak comparatively 


few of the employ¢s in telegraph working—and that was, speaking 
broadly, the sole demonstration of electricity that could be commer- 
cially cultivated—were attracted thereto by any knowledge of the 
science upon which it was founded, or interested in the progress it 
might make ; most looked at it as something in the operations of 
which they could contribute with profit to themselves, remaining 
ignorant of the laws that governed it, or the reasons why certain 
apparatus was employed to produce its effects. To them any 
knowledge they might glean was empirical, the pure result of 
experience in a contracted form. At the present day an entire 
change has taken place. Into none of the advanced operations of 
electricity does a youth engage himself without having some 
taste or liking for investigation aid the acquisition of real know- 
ledge of the subject in which he is interested. Societies such as 
this best justify their existence in lending aid to those who seek 
to elevate themselves and to know what can be learned from their 
predecessors in kindred labours. 

A distinguished scientific statesman once described the mere 
workers of electric telegraph machines as ‘ambidextrous 
monkeys”—they knew only that moving a certain handle to 
the right or to the left, or a key up and down, produced signals 
or marks that were legible at the further end of a wire; but how 
they produced them, or why, they were supremely ignorant. It 
is not so with the student of modern days. The man who devotes 
his life to the electric light, motive power, or other allied 
branches, knows that he must prepare himself by a careful course 
of theoretical study before he undertakes practical work. He 
must know the reasons for all that he does. 

Thus it is clear to me that in the facts detailed lies the 
strongest justifi.ation for the proposed alteration in the name 
of our Society. In the summary of electrical operations which I 
have put before you I have given the largest space to the electric 
telegraph and its results. I am justified in so doing, because the 
telegraph is the most nearly completed of all the branches into 
which the laws of electricity are directed. No doubt there is 
still room to improve its processes, but its pioneer work is done, 
and it is scarcely possible that the future can yield more than 
progress, however important, in details. When the Society was 
first founded, “ Telegraph Engineers” was a fitting name, as it 
was only in telegraph engineering that any considerable number 
of the followers of the science we are considering were actively 
engaged. A great change has taken place : positively even more 
important than it was then, it is now relatively less so. The field 
has been so carefully reaped that it offers little temptation to 
the average gleaner. Speaking generally, men’s thoughts are 
directed to other channels, where they may seek, in partially 
explored or unknown regions, the fame and profit that may accrue 
to those who win victories therein. ‘‘ Telegraph Engineers ” 
are still the most numerous units in our body, but from the 
force of circumstances they can no longer be said to be the special 
representatives of its character. The Institution of “ Electrical 
Engineers” is a title comprehensive enough to include all 
devotees of the science; no class of workers is singled out for 
undue prominence, no class is by implication excluded. 

The President of the Royal Society, in his recent address, told 
the members of that learned body that the world wanted a great 
discovery—that it was most desirable that the nature of electricity 
should be made known and defined. We may be on the eve of 
such a discovery, we may be far from it. The problem to be 
solved—that of the true character of the mysterious agent that 
seems to pervade all nature—ranks apparently with the equally 
puzzling one, “ What is the soul?” Philosophical and theo- 
logical students have quarrelled over the latter question for many 
generations without advancing nearer to a solution. Let us trust 
that ‘‘ What is electricity ?’”’ may, in the fulness of time, receive 
an answer which will extend the boundaries of its use to purposes 
as yet undreamed of, and that the benefits it confers on man may 
be therefore multiplied many fold. 


Prof. W. E. Ayr'ron, on November 24th, 1887, read the following 
paper by himself and Prof. John Perry :— 

“ Portable Voltmeters for Measuring Alternating Potential 
Differences.” It is now well understocd that a high resistance 
electro-dynamometer cannot generally be used for measuring 
alternating potential differences, in consequence of the self-induc- 
tion of the dynamometer causing the effective resistance—and 
therefore the sensibility—of the dynamometer to vary with the 
speed of alternation. Further, even for the measurement of direct 
potential differences an ordinary high resistance voltmeter, em- 
ploying the magnetic property of the current, is not entirely 
satisfactory if the forces employed be large (as they generally 
have to be in dead-beat portable instruments), since, in that case, 
the current, if kept continuously on, slowly heats the voltmeter, 
and by increasing its resistance causes its sensibility to diminish. 
It has, therefore, for some time seemed clear that the heating 
effect of a current should be used for voltmeters. 

Captain Cardew was the first person to utilise this principle in 
the construction of voltmeters, and, as far as we are aware, is 
the only person who, up to the present time, has employed the 
extension of a wire caused by the heating produced by the passage 
of a current to measure the potential difference at its terminals. 
His instruments are well known, and have afforded most valuable 
aid in the measurement of alternating potential differences ; and 
we, in common with other electrical engineers, owe him a debt of 
gratitude for providing us with the only commercial instrument 
that has existed for the measurement of alternating potential 
differences. 
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In “ Practical Electricity” an attempt has been made to im- 
partially sum up the advantages and disadvantages of all the 
more important ammeters and voltmeters, and we cannot do better 
than repeat what was there said about the Cardew voltmeter, 
especially as we understand that Captain Cardew considers the 
criticism to be a fair one. 


“ CaRDEW VOLTMETER. 


« Advantages.—First, it has but a small heating error; second, 
the self-induction is negligible. It is also dead-beat, direct 
—e not disturbed by magnets, and fairly portable, although 

ge. 

* Disadvantages.—It absorbs a good deal of energy ; second, it 
cannot be used for measuring 4 small potential difference, for we 
cannot make it of thicker wire, as we should do in the case of 
an ordinary voltmeter intended to measure small potential dif- 
ferences, as this would render it sluggish, since a thick wire 
traversed by a current heats and cools slowly on starting and 
stopping the current; third, there is considerable vagueness in 
the readings near the zero point, and sometimes inaccuracy in the 
upper parts of the scale.” 

Towards the end of 1885 we were engaged on certain experi- 
ments on the governing of transformers in series to give a constant 
potential difference at each house, and, as our experiments were 
to be conducted with small transformers, we required a voltmeter 
which would measure an alternating potential difference of three 
or four volts with accuracy. Such an instrument not being in 
the market, we were compelled to devise one; and we were led to 
consider whether the Cardew principle might not be employed in 
an instrument which should give quite definite readings even 
near the zero, and produce a large deflection when an alternating 
potential difference of a few volts was maintained between its 
terminals. 

Part of the vagueness in the readings of the Cardew instrument 
we saw was due to the employment of toothed wheels; and, as 
explained in a paper* read by us before the Royal Society in 
1884, toothed wheels have not recommended themselves to us as 
a means of magnification in ammeters and voltmeters, in conse- 
quence of the friction they are liable to introduce. In fact, after 
giving toothed gearing an extensive trial in our instruments, 
originally described to this Society + in 1882, we decided to 
abandon its use in 1884. 

If a voltmeter depending for its action on the expansion of a 
wire by heating is to be sharp in its action, the wire must be fine; 
and if it is to measure a small potential difference the wire must 
be short; hence we were led to consider whether it was not pos- 
sible to construct a voltmeter of quite a short length of fine wire, 
and observe its extension with some frictionless magnifying 
arrangement. This led us to consider the platinum wire tele- 
phone described by Mr. Preece in his paper{ read before the 
Royal Society in 1880, which, although composed of but a short 
length of wire, evidenced hy the motion of the diaphragm, to the 
centre of which one end of the wire was attached, every change in 
the current passing through it. After thinking out various means 
of attaining this result, we were led to see that one of our mag- 
nifying springs, described to this Society in 1882, furnished the 
means of obtaining a sufficiently sensitive frictionless magnifying 
arrangement. For experiment shows that if a short piece of fine 
wire, w w (fig. 1), only 7 inches long be stretched between two 


Fig. 1. 


wane, Aand B, to which it is rigidly attached, and if it be 
ulled slightly out of the straight line by one of our right and 
eft handed magnifying springs, m, rigidly attached at its one end 
to the wire and at the other to a support, s, the axes of the spring 
and the wire being at right angles to one another, the arrange- 
ment is so delicate that the expansion produced by even the 
approach of a warm hand is evidenced by the rotation of a pointer, 
P, attached,to the centre of the right and left handed magnifying 
spring. The absence of all gearing and the rigid fastening of 


*<A New Form of Spring for Electric and other Measuring 
Instruments.” 

+ “Measuring Instruments used in Electric Lighting and 
Transmission of Power.” — 

t “Thermal Effects of Electric Currents.” 


both ends of the spring, combined with the fineness of the wire, 
make the arrangement remarkably dead-beat in its action; and 
when the wire is enclosed in a short metal tube we have a volt- 
meter which will measure even the fraction of a volt, whether the 
potential difference be direct or alternating, since the readi 
even near the zero are quite definite. 

The right and left handed spring was employed to avoid any 
twist being given to the wire; but one of our assistants—Mr. 
Bourne—who has worked at this instrument with his customary 
ingenuity and dexterity, soon found out that half the length of 
the spring could be dispensed with, and an equally efficient but 
much more compact arrangement could be effected by using a 
single ordinary magnifying spring, m (fig. 2), and introducing a 


Fig. 2. 


small piece of fine wire, c p, between the one end of the spring 
and the stretched wire, w w, or between the other end of the 
spring and the support, s. 

To get extreme quickness of action on changing the potential 
difference, it is desirable to employ a thin wire; and as the 
strength of such a wire is small, the next step was to combine a 
number of wires mechanically in paralled, and electrically in 
series or parallel, the wires being attached at their middles to a 
stirrup which is carried by the magnifying spring; and voltmeters 
containing as many as 12 short wires, each about 7 inches long, 
were made in the early part of the summer of 1886. 

These instruments showed, however, the sluggishness which is 
familiar to the users of the Cardew voltmeter, and we had to set 
ourselves to investigate it. Stationary metallic screens were in- 
serted between the wires to assist the cooling, and various other 
means tried, without success, when we set Mr. Bourne to investi- 
gate the general question of sluggishness. A variety of experiments 
were ark by him on the rate of variation of the permanent state 
of a wire with the variation of potential difference at its ter- 
minals, as affected by varying the proximity of the wires, their 
length, &c. This occupied him several weeks, and the experi- 
ments he made were too numerous tc be recorded here. With 
our many-wire voltmeter the sluggishness was certainly not due 
to mechanical friction, as our magnifying spring is practically 
frictionless ; and we gradually saw that the peculiar creeping back 
in the deflection of a Cardew voltmeter when a perfectly constant 
potential difference was first set up between the terminals was due 
to the fact that the draught of air created in the tube by the heated 
wires takes an appreciable time to be produced, so that the-wires 


Fig. 3. 


are hotter directly the potential difference is applied than they 
become when the draught begins to flow. A number of more or 
less successful devices were tried for overcoming this defect— 
for instance, even the employment of a draught independently 
maintained—when we found in the summer of last year that the 
simple device of placing the tube horizontal instead of vertical, 
and using very fine wire—not much exceeding one-thousandth of 
an inch in thickness—overcame all the difficulty. The importance 
of placing the tube horizontal was also subsequently seen by Mr. 
G. 8. Ram this year, and consequently the scales of the Cardew 
voltmeters are now marked so that the zero is at the top when the 
tube is placed horizontal. 
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This home-made instrument with two wires lying on the table 
was then completed in August of last year, and was found to be 
remarkably sharp and decisive in its action—to give a deflection 
of 300° with 14°22 volts maintained at its terminals. Even a 
fraction of a volt can be measured with it, as the readings are 
quite definite even near the zero. 

The finest wire employed by Captain Cardew in his commercial 
instrument has a diameter of 0°0025 of an inch; but, in conse- 
quence of our magnifying gearing being frictionless and compara- 
tively massless, we are able to use much finer wire—not more 
than 0°0014 of an inch in diameter—without any fear of injury, 
even if the instrument receive a sharp knock. This greater 
fineness of the wire gives us three times as much resistance per 
foot, and therefore enables the instrument to be very much 
smaller; also, as the ratio of surface to sectional area is far 
greater, the heating and cooling is far more rapid—that is, the 
instrument is much more dead-beat. 

Figs. 3 and 4 show two sections at right angles to one another 


through the centre of this other two-wire voltmeter which is 
lying on the table. It has been constructed on the lines of the 
original one, but in a more workmanlike manner. It is direct- 
reading, and measures from 0 to 10 volts, the deflection for that 
potential difference being some 250°. The same letters are em- 
ployed to designate the various parts of the instrument as were 
used in figs. 1 and 2, with the addition of 1, the metal tube 
surrounding the wires: and the stirrup connecting the end of the 
magnifying spring with the wires is also shown. 

The employment of several short parallel wires soon suggested 
the addition of the commutator described in our paper read 
before this Society in 1881, for varying the sensibility of a volt- 
meter. But whereas with our commutator ammeters and volt- 
meters in which the magnetic action of a current in deflecting a 
magnetised needle was employed, the current had to flow through 
every wire in the same direction, whether the wires were joined 
in series or in parallel, with this new form of voltmeter in which 
the heating property is employed it is unimportant which way 
the current passes through a wire. Hence the pins in the barrel 
of our old commutator which gave trouble may be entirely dis- 
pensed with, and the commutator assumes a very simple form. 
In fact, if AB, BC, CD, DE, FG (fig. 5), represent wires 


D 

E 


5. 


joined in series in the new form of voltmeter, the series connec- 
tions need not be disturbed when a parallel arrangement is 
required, since all that need be done to join them in parallel is to 
connect the points, a, c, £, G, by means of the bar, L, and B, D, ¥, 
by means of the bar, M. sandsp are the terminals for series, 
and p ands P for parallel, so that if the commutator be acci- 
dentally turned from series to el the circuit is broken and 
the wires are not fused. This instrument lying on the table is a 
four-wire voltmeter, and the sensibility is such that 15-2 volts 
gives a deflection of 39° when the commutator is turned to series, 
and 295° when it is turned to parallel. 

It is important to notice that the employment of this commu- 
tating device to vary the sensibility enables all the wire in the 
imstrument to be always operative in deflecting the pointer ; 
whereas if the ordinary device of adding an outside resistance 
coil be employed to enable the voltmeter to measure a larger 
number of volts, the energy spent in heating this outside resist- 
ance coil is entirely fcars. | as far as deflecting the pointer is con- 


cerned. In fact, the greater the outside resistance the more in- 
efficient becomes the voltmeter. 


For the object of still more ugly carrying out the prin- 


ciple of employing a number of short wires we have also made 
voltmeters in the following way :—The wires are arranged like 
the spokes of a small bicycle wheel, w w (fig. 6), that is, we have 


Fie. 6.—VotTMETER Fixep Against A WALL. 


a circular rim of a wheel, r, which may be of the same metal of 
which the wires are made, to eliminate errors due to change of 
temperature, fitted with non-conducting studs, a, B, c, pv, &c., to 
which the wires are attached. There is also a small non-conduct- 
ing central piece, H, corresponding with the hub of a wheel, to 


| 
Fig. 7. 


which the wires are also attached ; and as the wires come from rim 
to middle backwards and forwards several times, the arrangement 
appears like a bicycle wheel with many spokes, as seen in fig. 7. 
One end of a right and left-handed spring, m (fig. 6) under ten- 


Fia. 8, 


sion is +}: attached to the hub, u, and its other end to tae 
support, s. 

draws the hub, H, more out of the plane of the rim, and the 
rotation of the pointer, p, measures the current. This instrument 


ence, as the wires expand on heating, the spring 
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on the table is made exactly in this way. Using two of its three 
terminals, the range is from 0 to 50 volts; or using one of the 
previous ones and the third, it is from 0 to 100 volts. In both 
cases, however, the whole of the wire is operative in deflecting 
the pointer. 

Fig. 8 shows a voltmeter made with two bicycle wheels. The 
letters attached to one of them refer to the same parts as the 
letters used in fig. 6, while similar accented letters are used for 
the similar parts of the second bicycle wheel. As before, one end 
of the right and left-handed magnifying spring is attached to the 
hub of one of the wheels, but instead of the other end being 
rigidly attached to the case of the instrument it is attached to 
the hub of the other wheel. Hence the rotation of the pointer 
is produced by the expansion of all the wires on both wheels. 
Fig. 9 shows the actual arrangement of the double bicycle-wheel 


Fia. 9. 


voltmeter on the table, where an ordinary (not a right and left- 
handed) magnifying spring, m, is employed, with a flexible con- 
nection of fine wire carried by the support, s, which itself is 
carried by the hub, u, of one of the wheels. k is a metallic plate 
put between the two bicycle wheels to assist the cooling. The 
wires are electrically divided into four sets. When the commu- 
tator is turned to series, 80 volts produce a deflection of 300° ; 
whereas 20 volts produce a deflection of 300° when the commu- 
tator is turned to parallel. 

In fig. 6 of the ~~ bicycle-wheel voltmeter the instrument 
is shown with the dial vertical. But any one of the forms 
described in this paper may also be used with the dial either hori- 
zontal or vertical. 


The action of these instruments is quite easy to understand ; 
but the mathematical calculation of the way in which the deflec- 
tion of the pointer for a given potential difference is varied by 
varying the dimensions of the magnifying spring, the initial sag 
given to the wire, and the dimensions of the wire, is not quite so 
easy to work out. We have, however, succeeded in reducing the 
solution to a comparatively simple form, and the following com- 
prises the consideration of— 

A. The general formule and the law of graduation. 
B. Waste of power in the voltmeter. 

C. The range in volts of the voltmeter. 

D. The greatest angular deflection of the pointer. 
E. Uniformity of the scale divisions. 

F. Correction for temperature. 


A.—GENERAL AND Law or GRADUATION. 


Let a, 0, B (fig. 10) be one of our fine wires or two opposite 
spokes of our bicycle-wheel form of voltmeter, the size of the hub 
being neglected. Let 

AO=0B = }l, 

0Q=y. 
Let the diameter of the wire be d, and the specific resistance of 
its material be p when its temperature is 6 degrees above the tem- 


0 


Fia. 10. 


perature of the surrounding metal case; then, if the case does 
not alter greatly in temperature, 

p =p, (1 + k8) (1) 
where k is the coefficient of increase of resistance per di cen- 
tigrade, and p, is the specific resistance of the material when 
6 is nought. 


When 6=0, 
let L=1, 
and = Yo: 
then + 6), 


where a is the coefficient of increase of length per degree centi- 
grade. 


y 

yr 

— yo? = a 6, approximately (2) 
since a is small. 

In that very useful treatise of Dr. Everett’s, ‘‘ Units and Phy- 
sical constants,” there are given the results of Mr. McFarlane’s 
and of Prof. Tait’s experiments on the rate of loss of heat in air at 
ordinary pressure from copper for various differences of tempera- 
ture between the copper and the surrounding space, but no indi- 


‘ cation is aia as to the form of the radiating body, nor of its 


size, and hence people. have used Mr. McFarlane’s results as if 
they applied to bodies of any shape and size, and so have been led 
in some cases to erroneous conclusions. As a matter of fact, Mr. 
McFarlane’s values for the rate of loss of heat by radiation and 
convection given in Dr. Everett’s “‘ Units and Physical Constants ” 
apply only to a copper ball of 2 centimetres radius, since this, we 
find, was the cooling body employed by Mr. McFarlane in the ex- 
periments in question, as mentioned in Mr. McFarlane’s paper 
communicated by Sir W. Thomson to the Royal Society in 1870. 
But in a very valuable book published two years previously to 
that—viz., in 1868—by Mr. Box, and called a “ Practical Treatise 
on Heat,” there is a table given on page 151 (which has been much 
used by engineers) showing the loss of heat from contact with air 
with horizontal cylinders and spheres. It was deduced, we 
rather think, from M. Peclet’s experiments, and it shows clearly 
that the loss of heat per unit area increases as the diameter of the 
cylinder or sphere diminishes. Mr. Box used the Fahrenheit 
scale for temperature, a square foot as his unit of area, a pound 
for his unit of mass, and an hour for his unit of time; but, re- 
ducing his formule to the C.G.S. system, we find that the loss of 
heat (gramme, C.°) per second, per square centimetre of surface, 
per 1° C. excess, is 
0 0001057 


000005710 + for a long horizontul cylinder, 


a being in the former the radius of the cylinder in centimetres, 
and in the latter the radius of the sphere. 

Applying Box’s formula for a sphere to the case where a is 2 
centimetres, the radius of Mr. McFarlane’s ball, we obtain for the 
loss of heat (gramme, C-°) per second, per square centimetre of 
surface, per 1° C. excess, the number 0:0002297—a number which 
is between Mr. McFarlane’s value for polished copper (0°000178) 
and for blackened copper (0000252). ‘I'here is, therefore, every 
reason for believing that Box’s formula is at any rate approxi- 
mately correct, 

Let us take as a first approximation that the rate of loss of heat 
is directly proportional to the difference of temperature. This 
we know is not strictly true, and the error arising from the 
assumption will be further considered under section B—* Waste 
of Power in the Voltmeter.” Then, if « @ be the heat-power in 
watts given out per square centimetre of surface of the wire when 
the excess of temperature is 6° C. 


000005710 + 
0239 


0:0001057 


41 
Now the resistance of the wire is — so that, if v volts be 


2 d? 
the potential difference at its terminals, ES watts are de- 
oP 


veloped in the wire, and 1, 7de0 = heat-power emitted in watts, 
so that 


low deO= (3) 
vd 
or (4) 


If the thickness of the wire be very small, and if Box’s formula 


~ continue to hold for very thin cylinders, 


0:0001057 . 
02394” approximately ; 
0°0008848 
= ” 


so tnat to raise a fine wire of a given length, made of a given 
material, toa given temperature above that of the case of the instru- 
ment requires that the potential difference maintained at the ends of 
the wire shall be inversely proportional to the diameter of the wire, 


approximately. 
If c be the current in ampéres flowing through the wire, 
4p 


Substituting the value just obtained for « for very fine wires, 
we have 


c = 001487 rd approximately 


d 
h 


o! 
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or the current required to maintain a fine wire of a given material at 
u definite eacess if temperature is approximately directly proportional 
simply to the thickness of the wire. 

This result was obtained experimentally by Prof. Forbes in 
1884,* but he appeared to regard it asa result that would not 
have been expected from experiments previously made on much 
thicker wires. Mr. Preece also published results,t in the same 
year, of experiments made on fine wires, and he also speaks of the 
results of experiments “ contradicting ” the law which he obtains 
theoretically. Whereas it appears to us that the current havin 
to vary directly as the diameter, and not as the diameter rais 
to the power three halves, in order that very jine wires may be 
maintained at the same temperature, is in entire conformity with 
the true law of the loss of heat by radiation and convection, 
which was published certainly as early as 20 years ago by Mr. 


Box. 
Equation (5) becomes 


or approximately. (5) 
(1 +k, 
4 Io” po 


One law of the magnifying spring is that 
(y —w) (6) 


where is the rotation of the pointer m radians, s is a number 
depending upon the material of which the spring is made, and 
has a valu» about 1 radian for phosphor bronze, and r is the 
radius of te spring.* 

Substitu ing for y fron (6) in (2), we have, as 


y= "Pare, 
413 1+k 
( 
8 s da 
417 po 
or, if A= d ,»and = 
r BE 4 lo* € po 
and if vo be culled then 
249 io av 8 


and hence 
9 


There are discrepancies in this result, due to— 

1. Our assuming (1). But it will be found that the error due 
to this assumption is not large for the usual temperatures of the 
instrument when platinum-silver wire isemployed. See F—* Cor- 
rection for Temperature.” 

2. Our assuming ¢ to be independent of @. It « is not constant, 
the law (9) alters in shape. As we never use (9) for the purpose 
of graduating, but merely to give us some approximate know- 
ledge of a general law, this will not affect in any way the accuracy 
of the instrument. 

3. We have not taken into account the fact that time is needed 
to attain the state of equilibrium indicated by (4), so that @ might 
be expected to rise higher on first starting the current than its 
true steady value ; but we find experimentally that this time is 
quite inappreciable with a very fine wire placed horizontally. 

4. Our having neglected small changes in y due to the tensile 
strain in the wire. It can be proved that these are unimportant, 
except when yo is smaller than we are ever able to have it in our 
instruments. 

5. Our having dealt with certain small quantities as if they 
were indefinitely small. 

B is found to be small in our instruments, and when yo is 
very small it is obvious that the deflection » of the pointer is very 
nearly proportional to v, the potential difference. When yp is 
not small, the readings increase at first in proportion to the square 
of the volts, and then become more nearly proportional to the 
volts. In fact, the divisions for volts of the scale of the instru- 
ment get rapidly greater for small readings ; then, as the readings 
become higher, the divisions become equal to one another ; and if 
the range is high enough they become somewhat smaller again, 
= har! _ change of resistance with temperature making its 

ects felt. 


* Jour. Soc. Tel.-Engrs., Vol. XIII., 1884, p. 243. 
+ Proc. Roy. Soc., No. 231, p. 468. 
* “A new form of spring for electric and other measuring in- 
struments,” Proc. Roy. Soc., No. 230, 1884, p. 306. 


For the sake of illustration we have drawn the three curves 
shown in fig. 11, taking 


and B = ‘0001, 
and the values 0, 1, and 2 for ¢,. 


ea 
If such a spring is used that s = 1, then , is yp. 


V IN VOLTS 


Fie, 11, 


B.—Waste or Power IN THE VOLTMETER. 


From the equations previously given it follows that the waste 
of power in watts spent in keeping a long fine wire lp centimetres 
in length 6° C. above the temperature of the surrounding space 
equals 

00008848 x 1, 6, 


a value which depends only on the length of the wire and on the 
temperature to which it is raised above the temperature of the case, 
but not at all on the diameter of the wire. This result is confirmed 
by the experiments recently made by Mr. Evershed, who has 
found that about 36 watts are required to keep a wire 3,600 mm. 
long at a temperature of about 180° C. above the temperature of 
the case, whether the wire be 0°038 mm. or 0°0635 mm. or 0:0889 
mm. (i.e., 1°5 or 2°5 or 3°5 mills.) in diameter. Substituting 360 
centimetres for 1, in the above expression, and 180° C. for @, the 
value becomes 180°2 watts. This is more than four times the 
value obtained by Mr. Evershed, and the reason may be partly 
due to the fact that (as already noticed in Section A) we have 
hitherto regarded the rate of loss of heat as being directly pro- 

rtional to the difference of temperature. On turning to Mr. 
; cFarlane’s paper we find his result may be expressed as fol- 
ows :— 

Loss of heat per second per square centimetre of a bright copper 
ball 2 centimetres in radius for a difference of temperature 6° C. 


= Loss for 1°C. x @ x 10-66 — 


0-000170 * -000170 


17 
*000170 


Instead, therefore, of writing as above the expression for the 
rate of loss of heat in watts required to maintain a long wire 
l, centimetres in length at a temperature 6° C. above that of the 
surrounding space, it will probably be more correct to write it as 
something like 


0°0008848 1, ( 


x 10-8 @ ). 


0:000168 1-98 1-7 
0-000170 * -voo170 * * 2° +e) 
If now we substitute 360 centimetres for 1, in this expression, it 
mes 
6 (0°9883 + 0°01165 — 10-4 6*) watts. 
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Of course we cannot expect this expression to give absolutely 
correct results for any values of 0, seeing that Mr. McFarlane’s 
experiments did not extend beyond @ equal 60° C. The expression 
is interesting, however, as showing that, in consequence of the 
negative term, « must be taken has having a smaller value when 
6 is high than when @ is low. For @ equal to 180° C., which was 
about the excess temperature of the wire in Mr. Evershed’s experi- 
ments, the formula as it stands cannot be applied, as it leads to a 
negative answer; but for @ equal to 164°5° C. it gives, as it 
happens, almost exactly 36 watts, the power Mr. Evershed found 
was expended in any one of the three wires he tried. 

Mr. Evershed informs us that he estimates the temperature to 
which the wire is raised by measuring its expansion; we, on the 
other hand, have found it more convenient, with our form of volt- 
meter, to estimate the rise of temperature of the wire by measuring 
its increase of resistance. Employing this latter method, we find 
that, roughly, 3°5 watts per foot are necessary to maintain a very 
fine platinum silver wire at a temperature of 200° C. above that of 
the case. This result, is rather higher than that obtained by Mr. 


‘0002 
Evershed, and corresponds with a value of ¢ equal to about : d 


In the absence of the results of experiments made for many 
values of @ it is impossible to say what is the exact function of @ 
that ought to be employed in the expression for the watts, but 
we are now making experiments with the view of determining 
this function; from what we have given, however, there is 
reason to think that the expression for the watts required to be 

t in maintaining a long fine wire at any temperature 0 above 
that of the surrounding space is a function of the og of the 
wire and the excess temperature only, and is nearly, if not 
entirely, independent of the diameter of the wire. 


C.—Tue Range 1n Votts. 


If 6, be the highest temperature of the wire allowable; if v, 
volts be the range of the instrument without using external resist- 
ance coils, then, from (4), 


(10) 


so that this range is proportional to 1,—that is, to the length of 
wire through which the current passes in going from one terminal 
_ to another of the instrument. Hence, if there are 10 wires, each 
of length \», we can make 1, = 10, by placing the wires in series, 
or 1, = X» by placing them parallel by means of a commutator. 

Since, for small wires, « is inversely as d, the range in volts 
increases directly as the length of the stretched wire and inversely 
as its diameter. As, however, increasing the length increases the 
waste of power in the instrument, it is rather by diminishing 
the diameter of the wire that the range in volts ought to be 
increased. 

If a small range in volts be desired, it is better, in order to avoid 
waste of power, to use one thick wire than several thin wires in 
parallel; and this rule ought to be followed as long as the thick 
wire is sufficiently quick in its action. 

In order, however, to obtain a great range, it may in many 
cases be desirable to employ a many-wire voltmeter with a com- 
mutator, in spiteof the fact that this arrangement does not give us 
the instrument that is most economical in the power wasted when 
a few volts are being measured. 


D.—Tse Greatest ANGULAR DEFLECTION OF THE PoINTER. 


With any given spring, it is obvious that we ought to tighten 
the wire and adjust the initial tension in the spring until the 
initial pull in the wire is q—the greatest pull to which the wire 
ought to be subjected—and also until we find that at the highest 
temperature the spring is just able to keep the wire taut. In our 
instruments where the wires lie nearly all paralled to one another 
we have these two adjustments, and also in those with the bicycle 
wheel arrangement of wires, in which the outer ends of the wires 
may be attached to adjustable flexible strips. For the sake of 
easy calculation we may take the final pull in the spring as 0. 
Let t be the length of the spring, , the deflection of the pointer 
when 6, (the highest temperature of the wire) is reached, p, the 
initial pull in the spring. By the triangle of forces 


m= (11) 


(If there are » wires caught by the end of the spring, say n com- 
plete diametral wires is the bicycle-wheel form, then instead of q 
we must use n q. 


) 
The law of the spring is such that ; 


where r is the radius of the coils of the spring, t its axial length, 
a a constant depending on the material of the spring, t the thick- 
ness of the strip of which the spring is made ; and another law of 
the spring is 


b 
= (13) 


* « A New Form of Spring for Electric and other Measuring 
Instruments,” Proc. Roy. Soc., No. 230, 1884, p. 311. 


b 
where 6 is a constant like a. In fact, > is the constant s used 
in (6). 
Substituting for pp from (11) in (12), 
4 
rt Yo = 8 43 Yo: Say (14) 
equation (2)is yo? = 4 = R, say. 
Dividing by (14), we have 


t 
Substituting in (14), we find 
R t* r 
ST Yo Yo = 43 Yoo 


or - R 
= 
+2) 


Substituting for rp, from (11) in (13), 


Lb 4q 

(15) 

and using yo, just found, in which kr = 2/,’4 6,, and s = aa 
we find eventually that 


@ 


where neither of the two terms in the denominator is negligible. 
The observation in brackets given after (11) tells us that we may 
use n q instead of q in the formula if there are n lengths of wire 
or n complete diametral wires in the bicycle wheel form of instru- 
ment. An examination of (16) will show how the range ¢, may 
be made large. 

The following are the deductions that may be drawn from 


(16) :— 
1. If f be the working stress suitable for the material of the 
wire, 


q=f4%, 


ng=nf @; 


so that, if we desire a large maximum deflection without reference 
to the range of volts, we ought to use wires as thick as possible, or 
else use many spokes in the bicycle wheel form. The limit to the 
thickness that may be given to the wires arises from the fact that 
the heat equilibrium will only be established slowly with thick 
wires, so that the dead-beat character of the instrument suffers if 
the wires be too thick. . 

2. The greater 1, is, the greater is the maximum deflection. 
Hence the greater the diameter of the bicycle wheel and the more 
numerous the spokes, the ater the maximum deflection. Also, 
the greater the diameter of the bicycle wheel and the greater the 
number of spokes, still more noticeable is the range in volts. , 

3. Diminishing the thickness (t) of the strip of metal ot which 
the spring is made has a very great effect in increasing the maxi- 
mum deflection. 

4, Increasing the length (L) of the spring increases the maxi- 
mum deflection just in the same way as increasing q or n q. 

5. Diminishing r, the radius of the coils of the spring, produces 
a great increase in the maximum deflection. 


E.—Unirormity oF THE ScaLe Divisions. 
It is rather important to notice that from (9) it follows that the 


smaller is * Yo the more uniform become the divisions of the scale. 


3 
Now, from (15), yo = — - ,; 80 that . Yo being small means, 


q 
#3 ly 
q? is small, or that is small. 
But as a large maximum value of the deflection is very important, 
and as this, as we have seen, requires that ¢ and r should be sinall, 
and that J, and g should be large, the only way in which we can 
simultaneously satisfy both sets of conditions is to make n q large 
—that is, by using thick wires, many wires (as many wires as 
possible), and very thin strips for our a spring. Using 
thick wires, however, diminishes the range of volts that can be 
measured. 
Finally, it is to be observed that the condition of most im- 

portance in obtaining 

(1) A large maximum deflection, 

(2) Uniformity of the divisions of the scale, 

(3) A large rangé’ of volts that can be measured, 


is to make the strip of which the. magnifying spring is made as 
thin as possible. ‘ 
(To be continued.) 
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ABSTRACTS 
OF PUBLISHED SPECIFICATIONS, 1886. 


9215. “Improvements in the application of electricity to 
vehicles on tram and railways and in the apparatus for effecting 
the same. F. Wynne. Dated July 15. 1s. 3d. The inventor 
lays or constructs a covered way, channel or pipe parallel to and 
generally in the roadway conveniently near to the line of rails on 
which the vehicle runs which is to be propelled. In this channel 
he lays a bare metallic conductor or conductors, which he carries 
on suitable insulating supports, and connects one end to one of 
the poles of a stationary producer of electricity so that it is suit- 
ably electrically insulated. He arranges in this channel a num- 
ber of insulated metallic studs whose ends project into the 
channel while their other ends are exposed in the roadway. He 
arranges for the passage through and along this channel of a suit- 
able carrier or contact maker, such as is referred to by him and 
described by him in patent No. 1,791, of 1883, so arranged as at 
any time in its passage along the channel to make contact between 
the conductor and a convenient number of the studs. The tram- 
car carries a suitable motor and a metallic brush or chain or other 
suitable sliding or rolling contact maker connected with the 
motor and making contact with the studs in the roadway. The 
carrier is moved by an electrical motor which is part of it, and 
which is actuated by the same current or part of the same current 
as is supplied through it to the tramcar, that is by the electrical 
contacts which are progressively made by it between the con- 
ductor and the studs inside the channel. The claims are 23 in 
number. 


13423. ‘An improved portable telephone for short circuits on 
board ships, public buildings, and general domestic use.” H. Binxo. 
Dated October 21. 8d. The object of the invention is to construct a 
portable telephone of small compass requiring no fixture or 
support, and which, being complete in itself, requires neither 
bell nor push for signalling, and which can be likewise 
utilised by being brought in a simple and cheap way in 
the circuit of an already existing electric signalling system, 
either with or without indicators. The claims are 2 in number. 


15325. ‘‘ Improved electric shade holder with single balance 
weight.” J. Taytor and G. E. Tucker. Dated November 24. 
6d. Claims:—1. The use of a single weight in regulating the 
position of a swinging shade. 2. The use of a slot cut in and 
throngh the stem of the fitting ; and the ing of a lever with a 
weight attached to its end through and connected at its other 
extremity to the shade. 


15524. “ Improvements in electrical tramways and railways.’ 
F.C. Attsop. Dated November 27, 1s.1d. Claims:—1. In elec- 
trical tramways or railways, the method described of transmitting 
electrical energy to a motor on a car or other vehicle, the said 
method consisting essentially in the employment of an insulated 
metallic flange or disc secured to an axle on the car and adapted 
to bear upon an insulated conductor arranged in a suitable groove 
or channel, substantially as described. 2. In an electrical tram- 
way or railway, an insulated flexible conductor secured to one side 
of the channel or conduit and adapted to be depressed by the con- 
tact therewith of a flange or disc secured to an axle on the 
vehicle, substantially as described. 3. In an electrical tramway 
or railway, the combination with a conductor of electrical ener; 
of flexible or pivoted contact-pieces or sections adapted to 
depressed by the contact therewith of a flange or disc secured to 
an axle on the vehicle, so as to make contact with the said con- 
ductor, substantially as described. 4. In an electrical tramway or 
railway, a pivoted contact-piece or section of the class referred to 
in the preceding claiming clause, the contact end of which when 
in its normal position is adapted to close the groove or slot 
through which the insulated. conducting flange passes, substan- 
tially as described with reference to figs. 14 and 15 of the draw- 
ings. 5. In an electrical railway or tramway, a channel for con- 
taining the insulated conductor, formed by the attachment to the 
base of the rail of a piece of channel or angle iron which con- 
stitutes one side of the said channel, the rail itself constituting 
the other side, substantially as described. 


15722. “ Improvements in electric telegraphs.” J. Y. Joun- 
son. (Communicated from abroad by A. M. Rosebrugh, of Canada.) 
Dated December 1. 8d. According to this invention upon 
the o telegraph line are superimposed secondary current 
signals without grounding any intermediate point, and this is 
accomplished by using the combination of one or more electro- 
magnets with or without a current manipulator in a primary 
voltaic circuit with a shunting circuit in which is inserted a con- 
denser or its equivalent an electric generator and a manipulator 
or Morse key arranged to operate the secondary current telegraph. 
“The receiver” in this arrangement may be either in the 
shunting circuit or in the main line, and the generator may be 
ae sh electro-magnetic or magneto-electric. The claims are 10 in 
number. 


15831. ‘“ Improvements in or connected with means and appa- 
ratus for the deposition or obtainment of metals by electrolysis.” 
FP. E. Etmore. Dated December 3. 6d. Claims:—1. In the 
deposition or obtainment of metals by electrolysis, from metallic 
solutions or from fused salts of or containing metal, the process 
of burnishing, compacting, pressing, spraying, or rubbing the 
metal of the cathode as it is being p ne. and dissipating the 
gases evolved, as and for the purpose set forth. 2. In the obtain- 
ment of metal from metallic solutions or from fused salts of or 


containing metal the use of the burnishers, impacters, pressers, 
spray or sprays, or rubbers acting upon the surface of the cathode 
or cathodes for dissipating the evolved age and reducing polari- 
sation in the electrolytic bath, as and for the purpose set forth. 
3. The combination of moving or stationary cathodes, with 
stationary or moving burnishers, pressers, impacters, rubbers, and 
spray or sprays of liquid, as and for the purpose set forth. 4. The 
perforated pipes and branches for the supply of liquor rich in the 
metal intended to be deposited, to the surface of the cathode or 
cathodes,’as and for the purpose set forth. 


16141. “ Portable electric call alarm.” J. R.TozeLanp and 
E. F. Tozetanp. Dated December 9. 8d. At the bottom of a 
box are fixed two “ Leclanché” batteries which ring the electric 
bell fixed over the batteries. Up one side of the box is fixed a 
rod called the time rod, which is divided into spaces representing 
hours, half hours and quarters, starting at the bottom with 0 and 
numbering upwards ; at the back of this time rod and at the top 
of the box is an ordinary pendulum clockwork arrangement with a 
drum attached to the winding axle ; the drum has connected to it, 
by a string or other suitable material, a weight which slides up 
and downat the back of the time rod. The weight has a small hand 
attached to the :ame which points to the hours on the time rod andis 
used in setting the alarm. To set the apparatus, say, to go off in 
four hours, the weight is wound up on the drum until the hand 
points to the figure 4 on time rod. The clockwork is then set in 
action by touching the oo which gradually lowers the weight 
to the bottom of the rod. When the weight has reached the figure 0 
on the rod it touches acranked lever which releases a hinged lever 
weight and allows it to fall on to a wedge-shaped connection 
between the batteries and bell, immediately setting the latter in 
motion. The bell can be stopped from the outside of box by 
means of a lever which throws the hinged weight off connection. 
There is 1 claim. 


16177. “ Improved form of wind motor for electric lighting and 
other purposes and mode of regulating and controlling the 
machinery driven thereby.” J. Grirritus. Dated December 10. 
8d. The motor consists of a circular case, fixed in an upright 

ition, with lateral openings all around to admit the wind inside 
tween upright plates called deflectors, which are curved 
laterally so as to deflect the wind in a certain direction, to act on 
a wheel which is placed inside the case. The wheel is fixed on a 
vertical shaft, and is set in motion by the action of the wind. The 
shaft passes downwards through the case, and communicates its 
motion to the machinery by means of cogs or of friction wheels. 
The claims are 5 in number. 


16616. “ Apparatus for the employment of vibratory electricit, 
in telegraphy.” C. Lanapon-Davigs. Dated December 17. 11d. 
A metallic tongue or reed is fixed in proximity to the extremity 
of the core of an induction coil, and this, when it vibrates, makes 
and breaks the battery circuit and pulsations are produced in the 
line. A finger key starts and arrests the pulsations. When it is 
put down it does two things: it mechanically jars the reed, and 
sets up a slight tremor in it, and it alsocloses the battery circuit 
through the reed. There are 13 claims. 


17084, “ An improved board for mounting telephonic switches 
and other electrical apparatus.” A. R. Bennett. Dated Decem- 
ber 30. 6d. Asa mount for telephonic switches and other elec- 
trical apparatus a board composed of wood impregnated or treated 
with insulating material, substantially as and for the purpose set 
forth. 


1887. 


225. “Improvements in electro-dynamometers applicable to 
the construction of electric energy meters.” Sypney Pirt. 
(Communicated from abroad by J. Cauderay, of Paris.) Dated 
January 6. 1s. 1d. Claims:—1. The combination in an electro- 
dynamometer of two annular bobbins, one of which is fixed and is 
composed of two parallel and similar rings, each consisting of a 
ribbon conductor of section proportioned to the maximum inten- 
sity of the current to be measured, represents intensity; and the 
other moving in a vertical plane and suspended by its centre 
within the first bobbin and covered with a very long fine wire, 
represents the electromotive force, the two bobbins reacting the 
one on the other as described. 2. The combination of this electro- 
dynamometer with the mechanical time measuring organs by 
means of a cylinder rotating under the control of a clock move- 
ment, of a driver and of a ratchet wheel actuating the registering 
apparatus so as to effect the automatic fegistration of the total 
energy delivered by a current in a given time. 3. The apparatus 
substantially as described and represented in the drawings. 


1199. “ Improvements in electric telegraph and telephone con- 
ductors, and in the means of insulating, laying, uniting, and 
securing the same.” D. Nicott. Dated January 25. 8d. 
Claims :—1. The use for protecting electrical conductors of a 
compound consisting of pure bitumen mixed with cotton foots 
pitch, substantially as described. 2. Constructing conduits for 
the electrical conductors of hollow kerbs of an inverted trough 
form, substantially as described. 3. ‘he method of laying elec- 
trical conductors by fixing them in or by suspending them on 
supports or separators formed of setehed slabs or blocks placed 
one above the other, so that the meeting notches form holes 
through which the conductors , and then, when needful, by 
enclosing them by means of hollow kerbs of an inverted trough 
shape, substantially as described. 4. Constructing insulating 
supports or separators for electrical conductors of notched slabs 
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form holes through which the conductors are passed, substan- 
tially as described. 5. Constructing joints for electrical con- 
ducting wires of a helically coiled end of wire into the coils of 
which a straight tapered end of wire is introduced so as to fit 
tightly therein, a separate length of wire being then coiled round 
the straight wire in the spaces between the convolutions of the 
first coil, so that the one end of such length of wire may serve to 
Foe a branch service when required, substantially as 
escribed. 


2765. “Improvements in or connected with transmitting gear 
for electric motors, specially adapted for use on electrically pro- 
lled vehicles.” J. Y.JonHnson. (Communicated from abroad 
y W. H. Knight of America). Dated February 22. 11d. 
Relates to means for connecting mechanically an electric motor 
to its load and is especially adapted to motors on a constant 
potential circuit that are required to operate mechanism at a 
variable speed. It consists of devices whereby the ratio between 
the rates of rotation of the motor and its Toad may be varied at 
will from zero to a maximum without interrupting the connection 
between them or the operation of the motor. The leading features 
of this gear are first that it is positive, that is, that through it the 
motor acts upon its load without possibility of slippage, such as 
is liable to take place with friction gears and belts and any motion 
of the motor is necessarily followed by movement of the load; 
second, that it is variable, that is, that it canbe changed gradually 
and without interrupting its operation, so that the ratio be- 
tween the speed of the motor and that of its load can be whatever 
the operator may desire, this variation taking place between 
positively operating parts, and having such a range that the speed 
of the load or driven mechanism may be increased from zero to a 
maximum while that of the motor remains nearly constant. The 
claims are 15 in number. 


3437. “Improvements in connecting and mounting medical 
coils for curative and remedial purposes,” R. Duriina. Dated 
March 7. 4d. Claim :—The connection of the studs and switch 
SS with a conical coil for the purpose, as set forth and 
described, 


3478. “ rovements in differential and other arc lamps.” 
J. KiEissi oy A. Durrex. Dated March 7. 8d. The object of 
the improvements is to regulate simply and accurately the posi- 
tion of the carbon in differential and other electric arc lamps; 
they have the advantage of easily and safely establishing the arc, 
regulating it directly and regularly and rendering the construc- 
tion of the whole lamp very simple. The claims are 4 in number. 


3960. ‘Improvements in telephones.” A. J. Bouit. (Com- 
municated from abroad by A. M. Phelps of America). Dated 
March 16. 8d. Claims :—1. A telephone transmitter and receiver 
provided with a permanent or electro-magnet in line with a core 
or bar (made preferably of soft iron) within a wire spool electric- 
ally connected, a ——_ of suitable vibratory material centrally 
joined to one end of said core and opposite end,in close proxi- 
mity to one end of a permanent or electro-magnet with an inter- 
vening cap or disc, the whole surrounded with a suitable case, sub- 
stantially asset forth. 2. A telephone constructed with a case 
provided with a cup shaped end on which a flaring is secured 
under which is secured a vibrating diaphragm, to the centre of 
which a core is endwise secured, a wire spool centrally surround- 
ing said core, a permanent magnet held in line with the core, a 
dividing sheet, a friction guide or washer, a set screw, a plate and 
check nut in combination with the wites and the binding posts, 
substantially as shown. 


CORRESPONDENCE. 


Navigation by the Electric Light. 


Your correspondent, “ Navire,” evidently does not 
understand the requirements for navigation by night 
in the Suez Canal. Quoting from the Nouveau Régle- 
ment Provisoire, of February last, ships must be supplied 
with : (1) An electrfe projector forward, throwing a 
light 1,200 metres ahead ; and (2) an electric lamp and 
shade suspended above the upper deck, and powerful 
enough to light up a circular area of about 200 metres 
in diameter. This requires a special plant, including 
the projector, and stage or platform, cables, switchboard 
and resistance frames, and a dynamoand engine. The 
Peninsular and Oriental Steam Navigation Company 
have still a portable apparatus which is embarked and 
debarked at either end of the Canal, but the best plan 
which is adopted in the case of ships that are already 
provided with an electric light installation in the 
saloons, consists in utilising a portion of the current 
while passing through the Canal. I cannot see that 
any great advantage can be obtained by using an auto- 


or blocks placed one above the other, so that the meeting notches » 


matic lamp in the projector as “Navire” seems to 
think, because in any case a man must be stationed by 
the projector to keep the beam of light in the “ axe” 
of the Canal, or to deflect it according to the orders of 
the pilot, and further, to maintain the are within the 
focus of the mirror. I saw one automatic projector 
used on the Suez Canal, but failed to see any points of 
excellence in it over our own hand fed lamp; on the 
contrary, its performance was not at all satisfactory. I 
do not know where “ Navire ” obtained his information 
respecting the absence of curves on the Suez Canal ; at 
any rate, it was not from an authentic and reliable 
source. The “axe” of the Canal is straight from Port 
Said to Kantarah, but some exceedingly sharp and 
short curves occur between the latter place and Lake 
Timsah, the navigation being very difficult, and the 
light requiring careful manipulation to suit the orders 
of the pilot. Across Lake Timsah the course is semi- 
circular and marked out by buoys, which were illumi- 
nated by candles when I was there last year. At 
Tussoum, between Lake Timsah and the Bitter Lake 
there exists another sharp curve and again at Chalouf, 
between the Small Bitter Lake and Guillamet. The 
overhead light is used only when passing dredgers, 
vessels lying in the gare, or when hauling into asiding, 
and in this case any good automatic lamp will meetall 
requirements, but in my experience I have found that 
a hand-feed is preferable for projectors when applied 
to the navigation of the Suez Canal. I am surprised 
that no one seems to have thought of the plan of keep- 
ing two or more portable sets of apparatus at Suez and 
Port Said so that the electric light could be applied to 
any steamer requiring it for the night passage ; it would 
prove an excellent investment for capitalists, and would, 
I am certain, return an actual profit far exceeding the 
imaginary ones promised by the “ primary battery ” 
promotors of the day, who are reaping such a sub- 
stantial harvest. 

I trust that the above statements will enlighten your 
correspondent, “ Navire,” with respect to the topography 
of the Suez Canal, and the apparatus required for night 
navigation by the electric light. 

Fredk. Walker. 


Effect of Sp. Gr. on E.M.F. of Secondary Cells. 


As you suggest in your note, the s.g. of the electro- 
lyte does affect the E.M.F. of a lead-peroxide cell, but 
within the range given by Mr. Prescott the increase is 
not great. Experiments show that between 1:120 and 
and 1°190 (the values given) the increase is about 30 
per cent ; and as the resistance of sulphuric acid 1:120 
s.g. is somewhere about 30 per cent. greater than acid 
1:190 s.g., the effect on P.D. will be somewhat greater. 

While writing on this subject I should like to point 
out that when calculating efficiencies from single ex- 
periments the charge after the discharge should be 
used, for it must be remembered that a discharge does 
not completely empty a cell, but that different amounts 
can be obtained from it under different conditions, and 
we must therefore measure the amount necessary to 
refill it. The last test given well illustrates the 
absurd results obtained if the preceding charge is used 


for the calculation. 
Herbert W, Butler. 
January 11th, 1888. 


Secondary Battery Electrolytes. 


I am tempted by your remark in this week’s journal 
to say a word on the E.M.F. of lead plate cells (pasted 
type) in conjunction with variations of the s.g. of the 
acid solution. I have found that in all cases, no 
matter what make of cell was employed, that the E.M.F. 
is practically the same for all, provided the H, SO, 
electrolyte has the same s.g. and the plates charged to 
an equal degree. As the s.g. of the liquid rises, 
whether by charging or by strengthening the solution 
by the addition of acid, the E.M.F. becomes higher and 
higher till the limit is reached. To give a practical 
case of recent experience, we had to charge two bat- 
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teries in parallel, one set of 54 E.P.S. cells, and one set 
of 54 Elwell-Parker cells, The former started with elec- 
trolyte s.g 1-170, and the latter 1:130. The result was 
that the E.P.S. cells charged at 20 ampéres, whilst the 
other battery passed 40. The discharge was also un- 
equal. The difficulty was got over by striking the 
average and using electrolyte to start with at a s.g. of 
1:150, with the result that the currents in and out of 
both batteries are now equal on all occasions, or, at any 
rate, to within 1 ampére of difference. This experiment 
is better than a laboratory test on a few cells, for after 
conducting many such trials, the results are not always 
in practice what should be expected. 
David Salomons. 


January 7th, 1888. 


Novel Form of Are Lamp. 


In the ELECTRICAL REVIEW for the 6th inst., on 
page 3, a description is given of a novel form of arc 
lamp, designed by M. A. Ulke, the great feature of 
which is that the lamp is regulated and fed by means 
of gases produced by electrolysis. As I have seen so 
much discussion as to pricrity of invention lately, 
notably in two cases, viz., incandescent lamps and com- 
pound-winding, I think it only fair to myself to point 
out that my patent, No. 6,221, for 1887, distinctly 
claims the application of electrolysed gases to the regu- 
lation of arc lamps, as well as for other electrical pur- 
poses therein described. 

This patent was taken out in conjunction with a 
well-known electrical engineer, and it is to his interest 
as well as mine that the above facts should be publicly 
recorded. 


January 10th, 1888, 


W. Hamilton. 


Sir William Thomson’s Current Balance for Alternating 
Currents. 

Sir William Thomson seems to refer to the elimi- 
nation of one error in this instrument, whereas I 
wrote of another. Suppose the two coils to be as 
shown in section in fig. 1. Taking the case in which 
the moving coil, A, is repelled by the fixed coil, as 
that gives the largest mutual induction-error, the dis- 
tribution of current in a solid ring due to the mutual 
induction of the coils considered alone, can be shown 
in an exaggerated way by the dots. This increases the 


Fira. 2. 


force. This mutual induction error can be approxi- 
mately eliminated by using a rope of several insulated 
wires having an integral number of turns in the ring. 

here is, of course, still a minute error due to the 
finite size of the wires, and to the current densities in 


the layers of wires being slightly different. I am here 
assuming that Sir William Thomson uses rope of 
single wire, such as 7 or 19 strands, making two, three, 
or more layers, not the sort of cable described by me 
at. the foot of page 628. Fig. 2 shows the mutual 
induction effect in three coils, the middle being the 
moving coil. The force is here increased very much 
less. Fig. 3 shows the distribution due to the self- 
induction of the coils. This tends to decrease the 


Fia, 3. 


force very slightly in with two or with three coils, 
and was not mentioned in my articles. This error is 
also practically eliminated by rope, and I think Sir 
William Thomson was referring to it. Fig. 4 shows 
the distribution in a solid conductor due to the mutual 
induction of the elementary electricity streams across 
the section of the ring. This increases the force and 


Fia, 4, 


is not eliminated or lessened by a rope unless made so 
that taken round the ring the mean mean geometrical 
distance of each wire from the others is the same. 
This is the error I referred to as the “error from the 
wire itself.” I do not know what percentage error this 
would give in a large current instrument with rapid 
alternations. Sir William Thomson is, of course, much 
better able to judge. 
Jas. Swinburne, 


Curative Electricity. 


In performance of my promise I herewith give you a 
faithful account of one of the largest so-called medical 
electrical establishments in this country, and how I 
managed in a short space of time to make myself ac- 
quainted with the internal working of the said gull-trap. 
About a year ago a friend called upon me, and told me 
that a certain “eminent consulting medical electrician,” 
whom I will style the great Autolycus, was in want of 
a lecturer on electro-physiology and electro-therapeu- 
tics. I had heard of Autolycus through the advertising 


_columns of the daily newspapers, and my attention 


had often been attracted by the elaborately fitted-up 
establishment, through whose portals so many dupes 
have entered. My first impulse was to look through 
the pages of our society’s list of members. No such 
name as Autolycus was to be found; but I argued 
thus: This man may not belong to the Society of 
Telegraph-Engineers and Electricians, but that is no 
reason why he should not be clever in his particular 
branch of the science ; “and surely,” I argued, “no 
person would have the audacity to style himself 
eminent unless he had some claim to the title!” 
After nearly a fortnight’s deliberation I determined to 
wait upon the great Autolycus, and almost trembling 
with a sense of my own littleness and the eminent 
electrician’s greatness, I approached the elegantly- 
furnished sanctum of the “distinguished ” person now 
under notice. My first interview was not quite satis- 
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factory ; but the apparent frankness of the man was 
striking in the extreme. Autolycus endeavoured to im- 
press me with a sense of his marvellous aptitude for the 
commercial side of his “ profession.” He asked me to 
examine his apparatus, and said he, “ If you find that we 
are on the wrong tack, put us right, and we shall 
be very much obliged to you. My electrical know- 
ledge may be put into a nut-shell.”—would it not be 
lost altogether in so large a receptacle !—“I believe in 
attending to the commercial part and selling the goods. 
If you will accept the appointment I offer you, you 
can experiment in a large laboratory which shall be 
placed at your disposal and no expense shall be spared 
whenever you find that something can be developed or 
perfected.” Of course I soon discovered that Autolycus 
had not the slightest knowledge of either anatomy, 
physiology, electricity, or pathology. He did not 
know the names of electrical units! Such lamentable 
ignorance staggered me; but I fancied that the man 
meant well, and feeling his incapacity he intended in 
future to stick to the commercial part, leaving the elec- 
trical section to a qualified electrican. I imagined that 
if I accepted the appointment Autolycus would not 
interfere with my department, and acting upon that 
supposition I sent my delicate testing instruments to 
the said establishment, and for the first time in his 
life the “ eminent” gentleman gazed upon a Thomson 
reflecting galvanometer, a condenser, discharge key, 
standard cell, and other pieces of apparatus used in 
electrical testing. Instead of taking an interest in 
these beautiful instruments, Autolycus made fun of 
them and compared them with playthings. He said 
that such things would not sell the goods, and he left 
me feeling a contempt and loathing which would be 
difficult to describe. This was not all. No sooner had 
I accepted his offer than he ridiculed any suggestion 
as to the improvement of the apparatus then being 
supplied to the public. I told Autolycus that his belt 
was useless, but that it was possible to construct flexible 
cells which would give a current of electricity, using 
the belt as a vehicle. In the most insulting style 
he told me that he would not have his “ inventions ” 
interfered with; the public were perfectly satis- 
fied, and why should he put himself to extra 
expense. The public didn’t want science. He didn’t 
want science. “Sell goods” was his motto, and he 
meant to stick to his own system! Here was a nice 
place for a professional man to find himself in. I was 
bound to deliver a few lectures on electro-physiology 
for this “snapper-up of unconsidered trifles,” but I 
determined to get out of his clutches with as little 
delay as possible. The “consulting electricians” 
attached to the establishment were as innocent of the 
laws of electrical science as Autolycus himself; but 
one or two very earnest fellows expressed themselves 
willing tolearn anything I offered toteach. One day as I 
was showing a member of the establishment the way to 
test a battery, Autolycus told the “ electrician ” to find 
something better to do, and calling me aside he ex- 
pressed his disapprobation, and said that I only 
embarrassed his staff!! Autolycus was seldom seen 
by the public. He was generally engaged in the 
advertising department, and whoever happened to be 
disengaged when a patient called was the “eminent 
consulting medical electrician,” Autolycus, for the time 
being. As I was only obliged to deliver a lecture on 
medical electricity, I stayed away from the place when 
I found out the system of humbug that was being prac- 
tised, merely arriving at about 2.45 and leaving again 
soon after four. I discovered that although genuine 
electrical appliances were put upon my lecture table, 
any rubbish was sold to the public, and any nonsense 
was talked in order to facilitate a sale. “The consult- 
ing medical electricians” were paid small salaries 
and commissions, which made them look sharp 
after the sales. Autolycus preferred drapers’ asssis- 
tants, because, to use his own expression, “ they 
are pushing men.” I once heard the manager, 
who was nothing more than a good shopman, 
say, “I have taken £50 from one customer this morn- 
ing for electropathic appliances.” The belts yielded 


enormous profits. There was nothing electrical about 
them. The three guinea belt, Autolycus himself con- 
fessed, cost 3s., which was, I should say, allowing a 
margin Of 25 per cent. About twopence more con- 
verted a three guinea into a five guinea belt. In my 
lectures I referred to the labours of Sir William Thom- 
son, Professor Hughes, Erb, and other eminent men. 
This caused Autolycus great annoyance. “ Why should 
you advertise those fellows,” he would say. “ Don’t 
talk about Sir William Thomson. Tell the public about 
the great Autolycus, the friend of suffering humanity. 
Don’t talk about general electricity, but say that it is 
my special kind of electricity that cures disease.” 
This was too much; but I had to finish the course of 
lectures according to agreement, although I was not 
compelled to talk the nonsense Autolycus suggested. 
Just before the last lecture I gave Autolycus 
notice in writing that I could not begin another 
course. He asked me if I would lecture in the 
country for him. I demanded a fee which I knew 
he would not pay, and thus ended my six weeks’ 
experience of a quack medical electrical establish- 
ment. My services had been obtained by false 
representations, for I was told that whatever was 
wrong electrically I was to remedy, and I firmly 
believed that there was an excellent opportunity to 
found a splendid institution for the development of 
electro-therapeutics. The moment the engagement was 
settled Autolycus showed himself in his true colours. 
He was the sort of man who, seeing two roads, one 
straight and the other crooked, would choose the tor- 
tuous path. His ignorance of his own language was 
lamentable, while his knowledge of electrical science 
was on a par with that of the Irishwoman, who thought 
she could send a new pair of boots by telegraph to her 
son in the Crimea. None of the many books and 
pamphlets bearing the name of Autolycus were written 
by that ignoramus. The “eminent” gentleman sucked 
the brains of others and dressed himself in borrowed 
plumes. Such is an imperfect and uncoloured sketch 
of a man who, using electricity as a cloak, drives a 
roaring trade while many professional men have to 
struggle hard for a bare existence. 
William Lynd, M.S.T.E., F.R.M.S. 
January 10th, 1888. 


Primary Batteries. 


Mr. Fergusson has now entirely the advantage of 
me. He states that the original De Lalande, or oxide 
of copper, patent was dated June 25th, 1881, and that 
specification No. 1,464 of March, 1882, was only a rider 
to the original. I have caused a search to be insti- 
tuted and am informed that the Patent Office records 
are entirely silent as to the existence of such a patent. 
The first recorded appears to be the No. 1,464 aforesaid, 
which was subsequent to mine and subsequent to the 
publication of my Glasgow philosophical paper. If 
not in error, will Mr. Fergusson give the number and 
correct date of the specification he means? Without 
this information I cannot deal with his last letter as a 
whole ; but in the meantime I would refer him to a 
paper read by me at the Society of Telegraph Engineers 
and Electricians on April 14th, 1875, which dealt 
exclusively with different forms of soda and potash 
batteries devised by me, and which will show that I 
am in no wise indebted to Reynier’s 1880 patent. 

In your issue of December 9th you printed, on page 
594, a paragraph entitled “ By-products from Primary 
Batteries,” in which reference is made to the prospectus 
of the Electrical Company of Scotland, which was 
largely based on the imaginary (as it proved to be) 
commercial value of oxy-sulphide of zinc. I think 
your remarks call for some notice at Mr. Fergusson’s 
hands, and am sure that any explanations he may be 
good enough to offer will prove highly interesting to 
your readers. 


Januarg 10th, 1888, 


A. R. Bennett, 
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